Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 









MACU 

SECTION 1. 
PRIME MOVER"=!. 











APPLEBY'S 

ILLUSTEATED HANDBOOK 



Tliiril Edition, reeised ami enlarged, 700 Engraving/. 

APPLEBY'S 

ILLUSTRATED HANDBOOK 

MACHINERY, 

IN EIGHT SECTIONS OR TWO VOLUMES. 
Bt 0. J. APPLEBY. 



» 



The Contentt <^ the Seeliont uiill be as/oUowt : — 

Sbotion 1,— prime MOV^BBS. 

Steam, GiS ako Air Enoimes, Boii.Ens, Tcbejsks, etc. 

Sbctios 2.— hoisting MACHINERT. 

WlHDIHa EsQfflM, IlTBHAUUG, BTEiM, AND HAND CBANES, WIMCHES AND JaCBS. 

Section 3.— PUMPEWQ MLACHtNEBT. 

PuMpisa Ekgisbs, CKKiRiFtQAL, Steam ahd Hand Pcmps. 

skction !(.— machute tools. 

Fob WoBKiNo Metai.9, Woud, etc, 
Smction 5— COHTHAOTOHS' PLAKT AND RAILWAY MATEEIAL8, 

iKOLnDINO THE MaCIIINEIIY AND MaTEHIALS REQUIBED EOB THE CoMTBUCnOH AND EQI7I1'SB(T 

0¥ Railways and otheb Fijblio Wokkh. 

Skotios G.— colonial AND MANUFACTtlEINa MACHINERY 

Fob Teeatisq Coen, Oowes, Kioe. Sdgas. Cotton, and oTiiEit Produots, Oil MaxB,'G.ie 



SmmoN 8.— TJSEPUL TABLES AMD MEMORANDA 

Poa EsGDJEKES, Mebchahts, and Manufactvhers, wiTa PHICE.S Weights, Meabuhemekts, 

WOBKISG RKSnLTB, CoBT OF WoHKlNO, ETC. 



Bectioii I„ cloth, 2s. Sectioii II,, cloth, 3b. I 



L U M D O N : 

E. & F. N. SPON, 48, CHARING CROSS. 

1877. 



/fl 



I '20 






APPLEBY'S 

ILLUSTRATED HANDBOOK 



OF 



MACHINERY. 



SECTION I.-PEIME MOVERS, 

mCLUDINO 

FIXED, POETABLE AND MARINE ENGINES, BOILEES, 

LOCOMOTIYES, STEAM LAUNCHES, HEATED AIB, 

GAS AND WATER ENGINES, TURBINES, 

AND WATER WHEELS, 

WITH 

PBICE8, WEIGHTS, MEASUREMENTS, AND SOME DATA ON WORKING 

EXPENSES AND RESULTS OBTAINED. 



BY 

0. J. APPLEBY, 



(APPLEBY BROS.) , 



EMERSON STREET, SOUTHWARK, L0ND0n1s.B.JUL 'f7d 



THIRD EDITION.— REVISED AND ENLARGED 



LONDON: 

E. & F. N. SPON, 48, CHARING CROSS. 

1877. 



•^ 



LONDON: 
PRINTED BY WILLIAM CLOWES AND SONSL 

STAMFORD STBBBT IVP CHABINC CROSS. 



Thb Editicm of Apflhbt's Hand-book of Machinebt, ptibliahad in 1869, and several 
reprints of it having been exhausted, a New Edition (of which this section forms a portion) is 
now being completed ; and for the convenience of those who desire information on specific 
subjects, but not on all those treated, the book will be divided into eight sections, each of which 
may be obtained separately as follows : — 

Ssonosr' 1.— FBIME MOVEBS. 
Steam, Gas and Ant ENaiNss, Boilbbs, Tvbbinbs, xra 

Section 2.--HOISTINa MACHINERY. 
Winding Engines, Hydkaulio, Steam and Hand Obanes, Winohes and Jaoks. 

Section 3.— PUMFINa MACHINEBT. 
FuMFiNa Engines, Gentbifugal, Steam and Hand Fumfs. 

Section 4.— MACHINE TOOIiS. 

Fob Wobking Metals, Wood, sTa 

Section &— CONTItACTOBS' FIiANT AND BAIIiWAT MATEBIAIaS, 

Including the Maohineby and Matebials bequibed fob the GoNSTBUorrioN and Equipment 

OF Bailwats and otheb Fublio Wobes. 

SBonoN 6.— COIiONIAIi AND MANXTEACTITBINa MACHINEBY. 

Fob Tbeatino Gobn, Goffee, Bice, Sugab, Gotton, and otheb Fboduots, Oil Mills, 

Gas Wobes, irra 

SscmoN 7.— MISCEIiIiANEOIJS IBON .WOBE. 
Bbass Fittings, Engineeb's Tools, and Genebal Stobes. 

SEcmoN 8.-IJSEFIJI1 TABLES AND MEMOBANDA. 

Fob Engineebs, Mebohan^ and Manufactubebs, with Pbices, Weights, Mbasubements, 

Wobking Besults, Gost of Wobking, etc. 

The complete work will form two volames of about 900 pages, illnstrated by nearly 700 
Engravings. 

The subject matter has been almost entirely rewritten, and the Engravings illustrate for the 
most part work designed or carried out by the Autliors' Firm, and now in successful operation. 
Details of design, construction, and proportions will be subject to modification from time to 
time. 

The Prices have been corrected up to date, and are based on the present value of metals and 
labour : they will therefore necessarily be subject to modification if there should be any material 
change in the value of these items. 

Weights and measurements are given approximately, so that the cost of freight, duty, &c., 
may be roughly estimated; also some data as to the cost of working, the motive power 
required, and the work performed. 

The cost of packing for shipment and delivery to docks varies with the nature of the packing 
required and the destination, but the average is — 

For packing and delivery alongside vessel in London .. .. about 3 per cent, 
ditto ditto Liverpool or Hull . . about 5 per cent, 

ditto ditto Gtrdiff or Glasgow . . about 7} per cent. 

The details above referred to are in a handy form for reference, and it is hoped they 

may prove useful alike to Engineers and to users and purchasers of Machinery and Materials 

connected therewith. ^ 
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Fig. 1. 

OOHPOinn) BXAH EKOUTE, Fig. 1. Tlie experience gained with engines of this type 
has shown such great econom; in oonsDinptiou of fael anil low t^st of maintenanoe, Ihnt they 
have been used more than an; other for driving the mochinerj of large mills and eimilar works 
in this and other countries. Ttie ojlindtrs R.re high and low pressure, the letter lieing about 
fonr limes the capacity of the former ; the beam and connecting-rod shown in tbp engraviDg 
are of oast iron, but wrought iron poaBesees (be advantage of greater strength and lightneea, 
and is now geoeially used for this purpose. The beam and trunuiona ore carried on ttro strong 
girders which are built into the walls of the engine bouse and supported on cast-iron 
coIdoids as shown. Ihe piston rods and valve rods are of steel. The valves are 
driven by a cam, and the engine is complete with condenser, air ptunp, feed ptunp, gaverDora, 
and hwivy fly-wheeL 

Pbices, Ac, or Gohfoumd Beau Ekoihes, Fig. 1. 



Nominal harse power of engine .. 
Diameter of high-pressnre cylinder 

Price of engine 

m lbs. per hour J 

Average evaporation of water perl 


SO 

10" 
30 
£600 
205 


40 

W" 

£iOO 
275 


50 

£1000 
340 


60 
14" 

22 
£1200 
410 


70 
15" 
20 

£1400 
470 


80 

16" 

19 

£1600 

500 


90 

17" 

18 

£1B00 

600 


100 
18" 
17 
£2000 
650 


150 


200 


250 


290 


830 


380 


425 


470 




20 

450 


25 

500 


28 

560 


85 

700 


40 

800 


45 

900 


50 
1000 


55 
1200 



M aooording to drcumstances, but will seldom exceed 
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4 APPLEBrS HANDBOOK OF MACHINERY. 

10 formed of two wronght-iroD plates having boasefl featened to them where reqinied; this 
coDstmction is esaentially safe and much lighter than a cast-iron heam, the weight of which 
frcqaently presents diflSculties in transit. The piston rod is of steel, and is fitted with a 
metallic piston ; the slide valve is driven from a lay shaft, and has a steel rod. The connecting- 
rod is of wrought iron, with strap ends fitted with gun-metal bearings. The crank shaft has an 
outer bearing, and carries a heavy fiv-wheel ; and the engine is complete with governors and 
all usual accessories. The extra cost for condensers for these engines is about £5 per horse-power. 

Pbioes, &o., of Sinole-cylindeb Beam Engines, Fig. 2. 



Nominal horse power of engines .. .. .. .. 

Diameter of cylmder 

Stroke of piston . . . . . • . . . . . . • . 

Bevolutions per minute .. .. .. .. 

Price of eng^e . . . . . . . . . . . . • . 

Average consumption of coal per hour at 45 lbs. steam pressure 

„ ^ evaporation of water „ „ „ 

Approximate weight in tons when packed 

„ measurement in cubic feet when packed . . 
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20 


30 


40 


50 


16" 


20" 


22" 


24" 


36" 


36" 


48" 


48" 


50 


50 


40 


40 


£360 


£540 


£720 


£900 


136 


205 


275 


340 


100 


150 


200 


250 


15 


19 


24 


27 


800 


380 


480 


540 



Packing for shipment from 2} to 5 per cent. 

EOBIZONTAL HIGE-PBE8SXJBE OOKDEHBING EHOINS, Fig. 3. The greatly increased 
cost of fuel, and the growing demand for engines which shall be economical in use as well as 
moderate in first cost, has leid to the use of many engines of the design shown in Fig. 3, in 
which the details of construction have been most carefully considered ; and the high duty which 
has been obtained from these engines fully demonstrates that commercial economy is to be 
found in perfection of design and workmanship rather than in a low first cost The cylinders 
are made of the best grey iron and are felted and lagged with mahogany, the large sizes being 
steam jacketted ; the y»Ue chest is the full length of the cylinder with double sets of ports and 
valves, one at each end, which saves the waste caused by filling the long ports with steam at 
each stroke. The expansion gear is very efficient in its action, and is so arranged that the 
point of cutting of the steam supply can be varied whilst the engine is running by a hand 
wheel placed at the back of the slide jacket, an index showing the point of cut-off. The 
glands are all of great length and bushed with gun metal ; the guide blocks are extra long, and 
work in two pairs of double guide bars, the bottom bars being planed to form oil channels. 
The centre line of the engine is brought down as near as possible to the level of the bedplate, 
in order to give increased stability. The length of the connecting-rod is about two and a half 
times the stroke of the piston, and is forged of scrap iron, the crank pin end being solid^ and 
fitted with gun-metal bearinga, adjusting key and lubricator ; the crosshead end is also fitted 
with gnn-metal bearings, cotters, and lubricator. The crank shaft and crank are of hammered 
iron forged in one piece, the shaft being turned and the crank shaped all over. The crank shaft 
runs in gun-metal bearings of great length, the bearings being made in four peices and 
adjustable in all directions. The fij'-wheel is of ample weight, turned on the face and edges, 
and securely keyed to the shaft with steel key. The crosshead is of wrought iron, eottered 
to the steel piston rod. The piston is metallic, fitted with oast-iron rings and steel springs. 
The air pump is placed on the bed plate directly behind the steam cylinder, the piston or plunger 
(as the case may be) being coupled to ti>e piston rod, which passes through a gland in the 
back cover of the steam cylinder. The air-pump chamber is so arranged that it can bo used 
as a jet condenser, or in situations where water is scarce it can be employed in conjunction 
with an evaporative condenser illustrated in Fig. 13, p. 17 ; in the latter arrangement the 
plunger piston is naturally considerably smaller than in the former. The valves of the air 
pump are indin-mbber discs working on gun-metal grids, and having gun-metal guards. 
The feed pump is on the side of the cylinder opposite to the valve box, and is worked from 
the crosshead, and is fitted with gun-metal clack boxes and valves. A water heater is frequently 
placed between the exhaust branch on the cylinder and the condenser, as shown in Fig. 3, and 
the water, which is drawn from the hot well at a temperature of about 80°, is passed through 
the water heater and raised to 200° before entering the boiler. The speed of the engine is 
regulated either by a throttle valve actuated by improved high-speed governors as shown in 
the engraving, or by a Porter's governor ; or, at the cost indicated in the list, the governors 
can be connected with the valve motion so as to form an automatic cut-ofil £ngines up to ten 
horse-power have only one set of steun ports, the shortness of the ports rendering the waste of 
steam in considerable. 
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Pbices, &c., of Horizontal Condensing Engines, Fig. 8. 



Nominfil horse power of engine 
Diameter of cylinders 
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10 


12 


16 


20 


25 30 


85 


40 


50 


8" 


9" 


10" 


12" 


14i" 


16" 


18" 20" 


21" 22" 124" 


Length of strol^e 


14" 


18" 


20" 


24" 


24" 


36" 


36" 36" 


48" 48" 48" 


Number of revolutions per minute .. 


125 


90 


85 


80 


80 


50 


50 , 50 


40 40 


40 


Average consumption of coal per| 
hour at 45 lbs. steam pressure . . / 


42 


56 


70 


84 


112 


136 


172 205 


240 275 


340 


Average evaporation of water per) 
hour at 45 lbs. steam pressure . . / 


30 


40 


50 


60 


80 


100 


125 150 


175 200 250 

1 1 


Price of engine with conden&er £ 


133 


163 ; 190 255 


303 


370 


460 530 


f)90 670 820 


„ „ without „ £ 


95 


125 


150 190 


243 


300 385 450 


500 575 


715 


Price of condensing engine and suit- j 
able Cornish boiler .. £/ 


233 


278 


320 400 


470 


570 


700 800 


880 10001210 

i 


Price of automatic expauBion gearj 
extra • • • • • • x^) 


10 


12 


14 


16 


18 


21 


25 30 


85 


40 


50 


Approximate weight of condensing^ 
engine in cwts. 


50 


70 


95 


120 


160 


250 


280 320 

1 


880 


400 


440 


Approximate measurement in cub. ft. 


100 


130 J60! 250 1290 


380 


450 1 520 


600 650 750 

' i 



The cost of packing is from 8 to 5 percent. 



EOBIZONTAL HIOH-FBESSUBE 8TEAH ENOIXS, Fig. 4. This type of engine, having 
no condenser or expansion gear, is necessarily less economical in consumption of fuel than that 
last referred to ; the results obtained, however, compare favourably with many engines of a more 
costly character. The centre line of the cylinder is kept as near to the top of the bedplate as 
possible in order to insure stability, and all the working parts are easy of access ; the whole is 
mounted on a strong cast-iron bedplate, and bolts are provided for securing it to a foundation 
of stone, brickwork, or timber. 

The cylinder is of hard grey metal accurately bored, and has turned flanges and bright 
covers, metallic piston fitted witli wide cast-iron split ring, steel springs and gun-metal tongues ; 
the piston rod is of steel working through a stuffing box of ample length, and is finnly cottered, 
into the crosshead which is got up bright. 

The connecting-rod is of hammered scrap iron turned and shaped bright, and both ends 
are fitted with wrought-iron straps, gun-metal bearings and adjusting keys. The guide 
blocks are of ample length, and work between two pairs of guide bars, 3ie lower bar of each 
pair being planed to form an oil trough. The feed pump has gun-metal valves and valve 
&)x, and is of ample dimensions for feeding the boiler. Tlte crank shaft is of hammered scrap 
iron turned bright, and carried a heavy cast-iron fly-wheel ; it is also left loug enough to take 
the strap pulleys or gear required for transmitting the power of the engine. The disc 
plate is of cast iron, turned on the face and ed^es, and is firmly keyed to this shaft by 
a sunk steel key. The slide valve is planed and scraped on the face, and is fitted with a steel 
spindle and driven by a cast-iron eccentric with gun-metal strap and wrought-iron rod. Tke 
speed of the engine is regulated by a throttle valve and low-speed governors, but a Porter^s or 
other high-speed governor is supplied at a slight extra cost. 

These engines may be fitted with link reversing motions or with expansion gear adjustable 
by a band wheel at the back of the valve chamber whilst the engine is running, or by an 
eccentric which can be shifted on the crank shaft* or automatically from the governors. Tlie 
extra cost varies from £8 to £50, according to the size of the engine and the kind of gear 
adopted. 

The boihrs usually employed are of the Cornish type, the smaller sizes with one, and the 
larger with two tubes ; in all cases they are of ample size and strength, made of tlie best 
materials and workmanship, and are furnished with all mountings necessary for safety as well 
as for efficient and economical working, including glass water-gauge, gauge cocks, patent 
steam-pressure gauge, double safety valve, fusible plug in the crown of the flue, blow-off cock, 
&c., &c. Special attention is directed to the water heaters described at p. 66. and to the 
remarks on the great saving in fuel which is effected by heating the feed water before it passes 
into the boiler. 



ENGINES, BOILERS, Etc— Section i 




APPLEBY'S HANDBOOK OF MACHINERY. 



PSECK, Ac or SnfGLB-OTUIjDIB HOBIZOHTAL HlGH-FItE89UIU STEAH ESdlHEB, Fig. 4 



Nominal horse pow« of engines .. 


4 


6 


8 


10 


13 1 16 1 20 


25 ' 30 


40 


50 


Diameter fit cjliQder 


6i- 


8" 


a" 


10" 


12" U§" 16" 


18". 20" 


22" 


21" 


Length of stroke 


ir 


14" 


18" 


20" 


24" ; 24" ! 36" 


36" ; 36" 


48" 


48" 


Nomberofrerolutioaapermmuta .. 


150 


125 


90 


85 


80 1 80 1 50 


50 , 50 


10 


40 


Prioe of engiae £ 
Pr[oe of auitablB Cornisll boiler andl 

fittings £| 

Ayeage coneumption of coal per] 

hoQiatiSlba | 


57 


82 


Ip« 


126 


150 200 242 


333 388 


500 


620 


73 


81 


108 


120 


144 180 230 


275 


337 


36S 


400 


32 


42 


56 


70 


8J 


112 136 


172 


205 


275 


340 


hour at 45 iW / 


22 


30 


40 


SO 


00 


! 


125 


150 


200 


230 


Approximatt) weight of eDgJno,) 
pa«ked, in cwta. .. " ,,/ 


18 


45 


*S 


50 


70 


100^115 


130 


160 


230 


280 


40 


83 


90 


95 


145 


215 245 


260 


280 


400 


480 


and fittmgd in owls. .. ../ 


26 


45 


50 


57 


70 


115 120 


110 


230 


240 


280 




- . - -E HOSIZORTAL STEAH EITGIN^ Tig. 5. from I to 6 horse-power, with 
wiouglit-iiou bent crank. high-s|iccd gnvernore, feed pump, and fly-wheel. These enginea are 
W'll .losijjned and parefully fitted in the working parts, bat superilnong finish is avoided in 
order U> reduce (he cnst as far na practicable. Engines Of this type are ninch used for 
numcTuns purposes where a fixed engine of moderate power is required in small faotorieB, for 
driving printing pnssos, pumps for raising wnter or for working hjdranlio pieaaea, and 
for many olher operation^ iti which ataim power will be far mow economical than mannal 






1 engine and boiler is Dot Inoltided in the subjoined 
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PmOB, fto, OF Small HOBmiircAL Stkah EHaiNBB, Fig. 5. 



Nominal horse power of engine .. 
Diajaeterofc;lmder 

Length of stroke 

E«volDtiona per minnte 

Price of engine only 

Prioe of engine and vertical boiler 

Approiinutte weight in cwta. 


1 

?: 

zoo 

£19 IS 

£i3 

S 


2 

»: 

200 
£21 

6 


1 

160 

£26 10 

£6S 

7* 


i 

150 

£32 10 

£S8 

8 


* 

fj: 

135 

£48 

£111 

10 


6 
8" 
15" 
100 
£72 
£160 
12 


rnentinoubto'^ T!"^^] 


10 


12 


16 


16 


20 


25 




Fig. 6. 

TBS TBBTIOAI mOH-FBSS8UBE STXAK ZHOINX, Fig. 6, occnpiea lees Epaoe than a 
horizontal onginc, but at a Bacrifice of a certain degree of atabilitj. 

The frames knd all the -notking parta of the en^ne ore mounted on a strong caet-iron 
bedplate, and the whole is esail; erected on a briok or timber foundation ; in &ct in some cases 
they are aimply bolted lo the floor of a warohonee, and set to work without any other 
foundation. The cylinder U of hard gre; metal, and ia Sxed to the bedplate by tbe top flange 
ill order lo keep the centre of the cisnk shaft as low as pofaible, and fitted with metallic piston 
with rings aiid springs. The piston rodia of steel, andiacarriedforwardbeyond thecroesbeod to 
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totm n gajde an shown. Tbe counecting-rod is of wrought iinn, forked and fitted at each end 
with ^n-meCal beating. The crank and crank Bliaft aro uf wrought iron, tlie latter ruiming m 

Elammer blockB, fitted with adjustable gon-metol bearings. A heavy east-iron fly-wheel ii 
eyed on this shaft, and the end is usnally (but not ucceSaarily) carried in a wall box. The 
slide valve ia driven by an oocenlric with gunmetal strap, tbe same eccentric also working the 
feed pump. The engine is fitted with eluw-spced governors, but high-apeed governors can be 
Bubatituted if desired, and link reversing motion can he fitted lo the ongine at a slight 
addiiional cost. 

The prices, Ac., of these eDgiLas and suitable boilers are the same as tbe horizontal engitiea. 
Fig, 4. 




Fig 7 

THE BKALL TZBTIOAl BTEAK EHQIHB, Vis. 7, vrilh inverted cylinder, tram a 

photograph of a 4-horBe engine, illustrates a oinatrnction which is very compact and steady in 
working. The cylinder is of hard cast iron fitted wiih metallic piston with rings and springs. 
The piston rod is irf steel cottered intn cast iron adjuataUe guide block working in bored 
guides. The connecting-rod Is of wrought iron fitted witli gun-metal bearings. The wrougbt- 
iron crank pin ia fixed in a cast-iron balanced disc plate, and the orsnk shaft is of wroaght inm, 
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;-wheel. The engine ia oomplete with 



Pbiob, &o^ of BiuLi. Vgrtioai. Bnoines, Fig. 7 








Nominal horee povrar 




2 


a 


4 


6 


s 


10 


12 


Diameter of oylindet 


^^■ 


H" 


51" 


m" 




VI," 


'# 


11)" 


Length of stroke 








10" 


14" 






Price for engine with feed pnmp 


2S0 


200 




150 


110 


95 


85 


80 


£38 


£42 


£53 


£60 


£90 




£150 


£173 




i-i 


fi 


11 


17 


28 


39 


53 


65 


.„•;,,, »b*r^ r*r} 


11 


13 


22 


S4 


se 


78 


106 


130 



For hntea twe pagea 51 



FackiDg lor Bhipmaut Kbotit S per cent extra. 




nUIL IHVER T BP TEKtlOAL BVOim AHV BOILXB OH TmnmAHOV tLtTX, Fig. 8. 

Tba engine is nmilM to that shown m Fig 7 eiceptiug that it has a dow-Bpeed governor, 
and ia mounted w th ta boiler on a strong cast-iroD bedplate. Thia BTraneemeDt is oompao^ 
and the weight be ng distnbnted oyer a oonoderable area, no special foundation ia reqnired. 



^' 
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eara-preeaiije gauge, glass w^ter gauge, &c^ aod ti.e whole is complete ready for work. 
Fbioxs, &o., of Bmau. Intehtbd Vbrtioil Ehodiis akd Vuitkul Bonjras, Fig. 8. 



Nominal borse power 
Diameter of cjlindei 


u 


2 


3 


4 


6 


8 


10 


12 


J 


H" 


5(" 


er 


8" 


fij" 


'■T 


11 i" 


Length of Btrohe 


7" 


8i" 


10" 


14" 


16" 


20^' 


If umber of revolutions per minute 


250 


200 


180 


ISO 


110 


95 


85 


60 


Frire complete, as shown .. 


£78 


£91 


£120 


£143 


£1S0 


£■228 


£280 


£310 




15 


25 


36 


50 


67 


80 


90 


100 


men't in cubic rt. .. .,J 


30 


50 


72 


100 


130 


160 


ISO 


!00 



The cost of packing is about 6 per cent, ' 




Fig. 9. 

BKALI FIXED TZRTIOiL BTEAH EltGDIE, Fig. 9, has the cylinder below md the orank 
■baft abovfl, tlie whole being mounted on a strong cast-iron bnEeplats suitable for bnltiog to 
masonry or timber. The cylinder ia of hard grey caet iron fitt^ with metallio piston wi^ 
riuM snd springs. The connecting-rod ia of wrought iron with gun-metal head, and the 
guide block works between adjuetable V guides. The engine ia fitted with a simple reversing 
diac by which it can be easily made to run in either direoUon, and is complete with wroui^t- 
iron bent crank shaft long enough to take power from either end, heavy fly-wheel, governor*, 
and gun-metal feed pump. The engine and boiler, Fig. 10, stand on a hoUow caat-iiOD bwe- 
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plate which forms a feed-water- tank. The hoiler is of ample proportions, and is fitted with 
all steam and famace mountings necessary for working with efiiciency, economy, and safety. 

Prices of Small Vkbticull Engines and Boilebs, Figs. 9 and 10. 



Nominal horse power . • • • 

Diameter of cylinder 

Length of stroke 

Number of revolutions per minnte .. 

Price of engine only 

„ „ and hoiler.. 

Aoproximate weight of engine in owts. . . 

with boiler (Fig. 10) 

,y measurement of engine in cubic ft. 

,, „ „ with boiler 



1 

4" 

6" 

230 

£33 

£69 

8 

18 

16 

38 



2 

5" 

8" 

180 

£41 

£90 

15 

30 

30 

66 



3 


4 


6" 


7" 


9" 


10" 


150 


150 


£52 


£66 


£115 


£138 


21 


26 


42 


52 


42 


52 


85 


105 



5 


6 


7f" 


84" 


12" 


12" 


140 


140 


£74 


£82 


£164 


£186 


32 


35 


65 


70 


64 


70 


136 


150 



The cost of packing for shipment is usually 5 per cent. 

THE DOUBLE-CTLUNDEB VEBHOAL ENGINE AND BOILEB ON BASEnJLTE, Fig. 11, 
is adapted for use in situations where space and cost of erection are important considerations. 
The cylinders are inverted and are carried on two strong cast-iron A-shaped frames ; the slide, 
valves and boxes being on the outside are readily accessible. The wrought-iron crank shaft 
is fitted with three wide adjustable gun-metal bearings, and long enough to take a broad strap 
pulley outside the fiy-wheel and one at the opposite end if desired. A cast-iron cross stretcher 
connects the two A-frames about midway between the cylinders and the crank shaft, and 
carries a pair of cast-iron feed pimips with g^n-metal boxes and valves ; the plungers working in 
these pumps are a continuation of the piston rods beyond the crossliead, and form the piston-rod 
glides. The connecting-rods are of wrought iron forked to miss the pumps, and fitted at each 
end with gun-metal bea^ngs, wrought-iron straps and cotters. The governors are outside one 
of the frames directly over the crank shaft, and are driven by a strap and conical speed pulleys. 
The boiler is vertical with two or more cross tubes in the fire box, and fitted with all the usual 
mountings including safety valves, pressure gauge, glass water gauge, gauge cocks, manhole, 
mudholes, &c. The engine and boiler are fixed on a cast-iron baseplate, and the whole^ may be 
bolted to strong timbers or put down on a bed of masonry or concrete. ^ These engines are 
sometimes mounted on a oast-iron feed-water tank, especially when a timber foundation is 
used ; the extra coat is about 7 J per cent. High-speed governors, or link reversing motion if 
desired, can be fitted. The coiM^ of the latter will be found in the annexed list. 

Pbices, &o., of Double-cylinpxb Yebtioal Engines and Boilebs, Fig. 11. 



Nominal horse power .. .. .. .. •• 

Diameter of each cylinder .. •• •• •• 

Length of stroke .. 

Number of revolutions per minute 

Price of engine and boiler as shown .. 

Price extra for link reversing motion .. .. •• 

Approximate weight, packed, in cwts. .. 
„ measurement in cubic ft. 



8 


10 


12 


16 


6i" 


7" 


8" 


9" 


12" 


14" 


15" 


15" 


125 


105 


100 


100 


£270 


£315 


£385 


£470 


£18 


£20 


£22 


£24 


80 


90 


100 


120 


800 


380 


460 


550 



Packing for shipment costs from 3 to 5 per cent. 

VERTICAL STEAM ENGINE ON BOILEB, Fig. 12. The steam cyUnder is bolted to the 
boiler, and no foundation or bedplate is required excepting the circular feed-water tank (of 
about the same diameter as the Doiler) on which the whole is mounted; it may therefore oe 
placed on a brick or timber fioor, and immediately set to work. A very lai^^ number of 
engines of this type have been in hard and constant work for many years pest (amonkst others one 
was used by the Authors in their own works), and they have given most satisractory results 
l)oth as to stability and durability. The cylinders are of best grey cast iron, firmly bolted to 
the lower part of the boiler, accurately bored, and fitted with metallic pistons and steel piston 
rods. The end of the piston rod is continued beyond the crosshead, and works in a guide 
bracket bolted to the boiler. The connecting-rod is of wrought iron forked to miss the guide 
bmcket, and fitted at each end with gun-metal bearings, wrought-iron straps and cotters. The 
wrought-iron crank pin is case-hardened, and firmly fixed in a cast-iron balanced crank plate which 
is turned bright all over. The wronght-iron crank shaft runs in gun-metal bearings carried on 
the top of the boiler, and is left long enough to take a strap pulley beyond the fiy-wheel ; the 
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Fig 12 

fly-wheel fa also tniued on the face and may bo naed ai a strap pulley if deiired. A 
is provided, wocbed from an ecoentrio on uie crank shaft and fitted with gun-metal ' 
bc^M, and the engine ia complete with governors and throttle Talve. The chimney 
out of the oantre to leave room for the engine work, and the boiler ia fitted with all : 
necessary for its safe and economical working, including safety tbItc, preaaore gi 
water gangs, gangs cooks, fusible plug, Ao. 

V&m the engine ia required for constant work, the boil^. and cylinder should be 
lagged as shown, and prices are given both wilh and without lagging. 

Pbiob, to, or Tbbtioai. Stbam ENOims oh Boilbbb, Fig. 12. 



Nominal horse power 

Diameter of oy nuder 

Length of etroke .. 

Number of revolntions per minute - .. 

Fric« complete, wilh lagging as shown .. 

Prioe without U|^^ 

Approximate weight in owta. 

„ mettaarement in cubic ft .. 



8 


4 


6 


f 


;f 


% 


160 


i» 


105 


£96 


£132 




£84 


£120 






15 


60 . 


70 


90 


120 



Cost of pAcking for shipment fiom S to 5 per c^ 
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Fig. IS. 

PATKRT XVAfOKATm SIFS7ACB OOSSElISEa, Fig. 13. This eyctem is mTftloable where 
the snpplj of irater U limited or costly, a good vacuum being mainlained wilh a conauinplioa 
of water which U altrigether unattainable by any other method of condenEation. These 
couditiouB exist in London and iu many large towns, as well aa in all countrii s where water 
ndtable for feediog boilers ia scarce, and fnel expensive. The Authors bave rarefullj tested Uie 
mppaiatns at tbeii own worbs in liondoo, wheie tbey bare applied it to a Bingle-cylinder 
lioiizontal BDgiae : the condenser has now been at work foe some time, and tbc £BTiDg in fuel 
hai been at least 20 percent. This is suiBciently importnat in itself; but theie is the furtber 
great advaatage that the scale on tlie boiler, wbiob formeilv caused grent inconvenience, has now 
almoat eatirely disappeared. The construction is jemaiksbly simple, and the absence of anj 
element liable to derangement renders this system of condensation specially valuable in 
i£olat(d places in connection with steani engioes, lacuum pans, &c 

The condenser consists of a number of copper tubes with cast-iron bnxps Bt each end, and 
a ooppei trough with serrated edges at tl:e lop, as sbown in the engraving. Tlie stoum to 
be oondensed U admittrd into the cast-iroD boxes, and eprcadiug through the copper pipes 
tbe condensation is effected by a shower of water flowing ovtr tbe serrated edges ol the 
oopper trough and trichliiig down over the exterior of the pipes. Thus the condensing water 
ia oonTerted into steam, and absorbs not OLly its proportion of sensible heat, but also some 
latent heat, producing at least five times greater effect than is obtained by injection. The water 
lost bj eTapoiation outside the tubes is only equai to that produced by the condensation of 
ths steam within them, and the consumption of water is but little more than is required far 
an ordinary high-pressure engine of equal power, because the oindenaed wafer is returned 
to the boiler in a, heated ataCe, and so is used again. The apparatus may be at a considerable 
distance from the engine, and the more exposed the situalion tbe better tbe result obtained, 
the atmosphere assisting to some extent to maintain the vacuum. 

The cost of the condenser is about £7 per nominal horse-power of tbe engine, but Ibe total 
cost will necessarily be affected by the distance between the engine and condenser, the facilities 
for obtaining a supply of water, and other circumatauoes. The data reijuired for ealimating tbe 
size and oost of the condenser required is furnished by an indicator diagram, or if that cannot 
be obtained it will be necessary to give — 

The temperature of steam as it leaves the cylinder, co' the initial pressure and poit>t of 

The diameter, length of stroke, and number of revolutions made by the engine. 
The position of the condensfr relatively with the engines. 

These condensers may be applied to almost any existing bigb'pressure engine, or a number 
of enginea ma; be oonnected to one set of condensers : m the latter case a group of cast-iron 
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pipes fixed veiticaUf give a verr eicelleDt result, but the qiuntity of oondenaiiig water required 
u largei than if thia copper pipes of Bniall diameter are used. A ftlrther uid veiy marked 
economy in the coasmnption of fuel ia obtained b; uaing a water heater (see Fig. 65, p. 6ii), 
which ia fixed between the eugine and the condeoser. 

BAOLrs BTFEOir OOSSZVBZS, Fig. 14. The advantagw claimed are, that no air-ptunp 
being rei^aired there ia an economf of 10 per cent, in the fuel umaumed, aa compared witii an 
ordinuy jet ooudeasor with ita air-pump, Ao., or of 25 per cent, when it ia Applied to a high- 
pressure noQ-coniieDBing engine. 



with a steam cylinder 16 inchea 
diameter is £32 ; thia compares 
&Toiirabl7 witii the cost of najr 
c€ the coudensera in general use. 

Aa there ate no valves or 
moving parts there ia uo wear 
Eind tear, and the arrangement 
is BO simple that it ia eoaily 
understood and worked bj any 
ordinary engine-dnver 

Another advantage is, that 
one of these condeoaars cau 
usually be fixed without inter- 
ference with the oidinary work- 
ing hours of a Autory the oou- 
uectLon with the engine bemg 
made m one night. 

Where morepower la required 
the increaae in usefal ^ect ob- 
tained from a high-pressure non- 
condensing engine, after tliia 
apparatus hoa been fitted, will 
fraqoently provide the additional 
power without putting down a 
new engine, and without an in- 
crease in the consumption of fuel. 

A small pump ia required 
to lift the condensing water, 
but Ihopowerio drive this is leaa 
than 10 percent, of that required 
to work an air pump; and nl- 
though at first storting the pump 
has io lift the water to the con- 
denser B, after a vacuum is created 
it only baa to lift it (the water) 
about 5 feet, the vacuum draw- 
ing it the rest of the way. The 
condenser is fixed about 84 feet 
above the water in the Dvei^ 
flow or hot well. 

This condenser is snitable tor 
application to angor pans, oil 
stills, or any appantus requii- 
iogavncuum. The exhaust from 
the engine or vscnum pan is 
conducted by the pipe a to 
the lower part of the condenser 
B. The Injection from the pump 
or other supply enters through 
the pipe a, and is oansed by a 
perforated diaphragm to descend 
on the exhaust ill tbe form of 
liection water fall by the small pipes 

' .. » . *_, e 4*.;- w*i — i.'.l 




lemjwrataie (^ 80 to 100 degree* Fahrenheit 
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t. Fig. IS, hsis noir been thoroughly -terted, and prored to be 
» Talunble adjoDCt lo the high'preasare steam eagiue. It can be retidily fixed to Roy exlituig 
engine, and the leeolts obtained 



fiiel. 




Noai 
indeed 

ordinary ooadenBera wiUi aif 
pumpB, it baa effected consider- 
able saving of ooaL Tbe action 
is Tery simple. Tbe coadanser 
consists of two chambers, one 
OTei the other : the eihaiut 
kteam from tbe engine is admit- 
ted to the upper chamber, and 
is there coadensed by contact 
witb the injeetion water, which 
is brougbt in at the lop, and 
made to fall in a perforated plate, 
which pmduoefl a rain-like spray. 
The condensed steam and in- 
jection water is drained away by 
alternately orrating and destroy- 
ing a vacniim in the lower cham- 
ber. This is aooompiished W 
first opeoing a valve, and ad- 
mitting a imall quanlity of 
iteam at a very low pressure (1 
or 2 lbs. per square inch), and 
then opening a valve to admit 
sold water: uiese two valves are 
actuated by tappela geared up 
tosshaft to produce seven slrnkes 
per Diinnle, A remarkably 
steady vacuum of about 2S in. 
is obiained with about half Uie 
water used in tbe ordinary jet 
condenser, and the condenser 
will draw its own water trota 
any depth up to 27 ft Salt, 
muddy, or even sandy water 
nuiy be used, if pure water 
cannot be obtained The cost 
of the condenser for engines up 
lo 2S horse-power, is £5 for each 
inch in the diameter of cyhnder, 
and for larger sizes £4 10* ; but 
they are not made for smaller 
than 13-in. cylinders. One of 

.these oondensere is stated to have effected a saving in oost of 
another mill the owners certiiy a saving of about 30 per cent. 



SasnBQ'S m COmZHSIB, like the forgoing, requires no air pump, and can easily be 
fixed to an eilsting engine. No valves or tappets are ri^quired to got rid of tbe condensed 
ateam, and the engine driver has only to turn on and off the water and air valves wben 
starting and slopping the engines. Thirly-five sizes are made, and the system is equally 
applicable to laige or small engines. The price variee &om £7 to £200, the largest size being 
suitable for engiLes of 400 horse-power. 



per oeni; whilat at 



EOUUJTS COHDEimBB AHD BAXBY C0HDEVSEB8 are specially designed for mt 

ooiijuijotion with direct-acting steam pumps or other pumpiug engiiieii, but there are o 
.vhere. they may be advantageously applied to bigh-pressore non-condenaing engine*. 



do 
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They both eflbd a large saving in the consumption of fuel, and get rid of the exhaust steam, 
which is often a serious nuisance in mines and underground workings. 



Pbiceb ot Holman's 


Patent Gondensebs. 






»- 

Diameter of- steam cylinders 

Diameter oi pump •• 

Price .. .. 


7" 

3" 

£6 10 


12" 
4" 
£9 


14" 
6" 

£12 


21" 

8" 
£18 10 


32" 

10" 

£30 



Pbices op Saxby's Patent Condensers. 



Diameter of steam cylinders 

Prices 

Prices of two-way valve for ditto 



8" 


10" 


12" 


14" 


16" 


18" 


20" 


24" 


£10 


£15 


£20 


£25 


£30 


£35 


£45 


£55 


£2 


£3 


£4 


£5 


£6 


£7 


£8 


£9 



LOCOXOnVES. — Probably no subject in connection with railway practice has been so much 
discussed, and certainly on none has there been so wide a divergence of opinion, as on that 
of gauge. The question has, however, long ago passed from one of theory to that of practice, 
and the results obtained from the narrow-gauge lines, mostly of one metre, or of 3 ft. 6 in. 

grage, which have been made in India, the United States, South America, many of our own 
olonies, and in almost every coimtry in Europe, have at least shown that under some 
conditions these gauges can be used with marked advantage. Mr. Fowler's investigations 
prior to his very able report on the Indian Railways, led him to recommend a 3 ft. 6 in. gauge, 
mainly because that appeared to him to be the narrowest gauge for wliich really well-designed 
engines and rolling stock could be built, and that relatively with the dead weight, a l^ger 
carrying capacity was attained than with any other narrow gauge. He has since &en adopted 
this (3 ft. 6 in.) as the gauge of the Soudan Railway, the whole of the materials for which 
are supplied by the Authors, and some illustrations are given of the rolling stock, &o„ made 
from Mr. Fowler's designs. 

Narrow-gauge lines from 2 ft. 8 in. to 3 ft. 6 in. have also been used by contractors ; and 
the low total cost of road, locomotives and rolling stock, as well as the facilities which the 
narrow gauge affords for running to tip oq a narrow bank, or for use on staging, &c., in the 
construction of harbours, breakwaters, and similar works, have proved most advantageous 
wherever it has been adopted.^ The illustrations and descriptions are only intended as an 
indication of the types of engines which the Authors have been called upon principelly to 
supply, and which can usually be sent away at a short notice. 

SIX-WHEELED TANK LOCOXOnVE, Fig. 16. Engines of this type are made of the 
several powers enumerated in the subjoined list, and for almost any gauge, without material 
alteration in design or arrangement ; but that selected for illustration is for 4 ft. 8^ in. gauge, 
the cylinders are 14 in. diameter by 22 in. stroke, and it will haul a load of 500 tons on the 
leveL The saddle tank contains 1000 gallons of water, and the coal bunk carries one ton, 
sufficient for a run of 36 miles ; the weight empty is 24 tons, and when in running order, the 
engine weighs about 32 tons. 

The b^el of the boiler is 9 feet long by 3 ft. 5 in. diameter, and has 140 solid drawn brass 
tubes If in. diameter; the shell is made of best plates, { in. thick, and the outer fire-box 

Elates are ^ in. ; the boiler is stayed for a working pressure of 120 lbs., and is tested by 
ydraulic pressure to 200 lbs. per square inch. The Internal fire box is of best hammered copper, 
} in. thick, excepting the tube plate, which is \^ in. thick. The side frames are } in. thick, 
and are shaped out of the solid. The wheels are 4 ft. diameter and have weldless steel tyrea, 
the flanges of the middle wheels being turned thin to facilitate passing round, sharp curves. 
The axles are of best hammered scrap iron 5^ in. diameter in the journal ; the axle boxes are 
of the usual construction, and are provided with efficient means for lubrication. The cylinders 
(14 in. by 22 in.) are of best cold blabt cylinder metal. The pistons are fitted with 
Bamsbottom steel springs. The piston rodtt are of best hammered scrap iron, and are 
oottered into wrought-iron crossheads : the cylinders are fitted with lubricators and waste-water 
cocks with levers. The connecting rods and coupling rods are of hanmiered scrap iron, and have 
heavy brasses secured by adjustable cotters. The slide bars are also of best hammered iron, 
and are case-hardened. The engine is complete with feed pump and injector, a powerful 
screw brake, sand box on each side of the boiler, and cab over the footplate. The buffer 
beams are of best well-seasoned English oak, and the bearing springs, spring buffers, draw 
springs, hooks, coupling chains, &c., are all of the best quality. Each eng^e is supplied with 
a tool chest oontaming a set of spanners, one moveable spanner, one copper hammer, one lead 
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hammer, one hand hammer, two hammers, three files, three chisels, spare gauge glass, two oil 
cans, and one orow-har. A complete set of firing irons and shovel is also supplied. 

Preobs, &o^ of Tank LoooMonyKs, Fig. 16. 



Diameter of cylinder •• 


9" 


10" 


11" 


12" 


13" 


14" 


15" 


16" 


Length of stroke .. 


14" 


18' 


18" 


18" 


20" 


20" 


22" 


22" 


Number of wheels.. 


4 


4 


6 


6 


6 


6 


6 


6 


„ „ coupled 


4 


4 


6 


6 


6 


6 


6 


6 


Diameter of driving wheels * .. 


2' 6" 


2' 10" 


8' 1}" 


3' U" 


3' 6" 


4'0" 


4' 6" 


4' 6" 


Length of wheel base 


5'0" 


4' 9" 


9' 6" 


9' 6" 


9' 8i" 


12' 0" 


13' 3" 


13' 3" 


„ engine over buffers . . 
Price of engine complete in run-| 
ning order .. .. ../ 


16' 6" 


19' 6" 


23' 0" 


23' 0" 


22' 6" 


28' 0" 


28' 0" 


28' 0" 


£800 


£1000 


£1200 


£1300 £1450 

1 


£1650 


£1850 


£2000 


Weight of engine, empty, in tons 
Measurement in o. ft. when packed 


9 . 


10} 


111 


14f 


17i 


24 


26 


27f 


800 


1100 


1100 


1500 


1800 


2700 


2900 


3200 



TANK lOOOXOnVE, 2 ft. 8 in. gauge, Figs. 17 to 19. The engravings and the sub- 
joined description of this ei^gine are copied from Engineering of January 20, 1871. Since 
then many eneines of this type have been made, and they have f ally borne out the opinion 
expressed by the writer of the subjoined, extract : — *' This little engine has outside cyUndras 
** 8 in. in diameter, with 15 io. stroke, these cylinders being placed at an inclination of 1 in 5, 
*< and being situated at a distance apart, transversely, of 4 ft. 2 in. from centre to centre. The 
*^ engine is carried on two pairs of coupled wheels 2 ft. 3 in. diameter, and placed 5 ft apart 
** from centre to centre, this short wheel base being adopted to allow tiie engine to traverse 
*' freely the sharp curves met with on the line. The valve gear is arranged externally, as 
^' shown in the perspective view, the eccentric being placed on an overhung crank. The 
*' boiler is 2 ft. 8 in. in diameter inside, and 7 ft. 6 in. long from smoke-box tul^plate to back 
plate of fire-box casing. The fire-box casing is 3 ft. 6 in. long, and extends 2 ft. 11 in. below 
the centre line of boiler at the front, and 1 ft. 10} in. at the rear end. The width of the fire- 
box casing at the lower paii is 2 ft. 2 in., its form being shown by the transverse section. 
** The fire box is 3 ft long by 1 ft. 8} in. wide, and has a mean height of 2 ft. and } in. above 
** the fire grate. The boiler contains 72 tubes, 1} in. diameter by 4 ft 2 in. long between the 
** tube plates, the external tube surface being thus 117} square ft. The fire-box surface is 
'* about 23} square ft., thus making the total surface 141 square ft. The grate area is 5*13 
*^ square ft. The engine has inside and outside frames, the total width outside being 5 ft. 3 in., 
**' and the total length over buffer beams 12 ft. 11 in. The arrangement of the springs, and 
** details generally, are so clearly shown in the views we publish, that it will be unnecessary for 
** us to describe them. The fael is carried in bunkers arranged at the sides of the fire box, and 
^ the water in a tank at the trailing end. The boiler is fed by a pair of Injectors, arranged as 
'* shown in the perspective view. Altogether Messrs. Appleby Brothers have produced a handy 
*^ little engine, which will no doubt do its duty well.'* 

The engine with 8-in. cylinders takes a load of about 30 tons up an incline of 1 in 70 ; those 
with 9-in. cylindera will draw about 100 tons on the level. 






Pbioes^ &o., of Tank Locohoxives, Figs. 17 to 19. 



Diameter of cylinder .. •• 

Length of stroke .. .. 

Number of wheels (all coupled) 

Diameter of wheels .. .. .. 

Length of wheel base .. 

Length of engine over buffers 
Price of engine complete, in running order 
Approximate weight of engine, empty, in tons .. 
„ measurement of engine in cubic feet 



8" 

15" 

4 

2' 3" 

5' 0" 

12' 11" 

£750 

8 
750 



9" 

16" 

4 

2' 9" 

5' 0" 

13' 0" 

£800 

9 

850 



10" 

18" 

4 

3' 0" 

5' 6" 

14' 0" 

£950 

10 

1000 



The cost of packing will vary according to circumsf ances, but wUl seldom exceed 5 per cent 
There is but little increase in cost for engines of wider gauges up to 3 ft. 6 in. 



ENGINES. BOILERS, Era— Sbction i 




APPLEBY'S HANDBOOK OF MACHINERY. 




ENUII^.S, BOILERS, Etc.— Sbction i. 




Fig. 19. CroM f Mttion. ' 



LOOOXOnVn fob BTBZP OSASHHTS. ApartfromlhelooonicitiTeoftlieoidiiiaij'tTpe, 

which depends for traotive fores od the adhesion of the wbeela to the rule, and which is 
insnffloient for the very steep gradients ezoeptiouall; used in Switzerland and snoe parts of 
Austria, there are — 

1. The Fell sjitran, which has heen worked on a large scale, with (owing to a Tariet; of 
causes) but moderate mcoeBs. 

3. The Bighi Bailwaj, vrheie a apva pinion gearing into the rack laid centnlly between 

the rails, haa been sacoeBsfiUI; used foe wme jears past, the maiimum gradieat 

S. Handyaide's system, in which the locomotive, provided with a wiuding-drnm and wire 
rope, proceeds up the incline in advance of the train, and after being anohorad to 
the raits, draws me train op by the wire rope. 

4. An arrangement designed by the Anthors, in which a chain was laid Itetween the nils, 

and was passed over a chain wheel of the same diameter at the pitch line as the 
wheels ofthe locomotive ; the engine would therefore hanl by adhesion on the level, 
and lay bold of the chain when going np or down steep gradients. 

For moat of these engines verticol bnilers have been nae^ on account of the Email wheel b«M 
which can thna be obla^ed, and because this form is in othei respects more bvonrable fbt ma 
on steep gradients. 
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BOAD LOCOXOnVE, or TBACTIOK ENOIKE, Fig. 20. Although the use of this class of 
engine has been almost entirely abandoned for passenger trafiSCf it has gradually extended for 
hauling heavy loads, and several hundreds are now employed with marked economy in farming 
operations, contractors' work, mining, and other industries. The engine illustrated has one 
cylinder, steam-jacketted, and connected with the steam dome, which avoids the necessity of 
steam pipes, the connecting-rod is of wrought iron fitted with gun-metal bearings, straps, and 
adjusting cotterg, the crank shaft runs in adjustable bearings, which, together with the bearings 
for the countershaft and driving axles, are carried in wrought-iron brackets formed in one 
piece with the side plates of the fire box, which are carried forward and upward for that purpose. 
This arrangement is strong and neat, it reduces the strains on the boiler, and avoids the risk of 
leakage, which is incurred in bolting brackets up to a boiler. The engine is steered by the 
worm gear and chains, as shown in the engraving, through a hand wheel placed over the foot 
plate, so that it is entirely under the control of one mun ; formerly one man was required to 
steer and another to stoke and drive. Tiie engine is so designed that 85 per cent, of the whole 
weight is carried on the driving axles ; this not only gives great tractive force, but relieves the 
boiler &om strains which would come on it from jerks occasioned in passing over rough roads. 
The driving-wheels are of wrought iron with diagonal strips on the £Eioe, and are provided with 
a compensating motion for turning sharp curves without disconnecting either wheel ; and both 
wheels being in gear, each does its fair proportion of the work. If preferred (and under 8( me 
circumstances, it is highly desirable) spring tire wheels, on the system invented by the late 
Mr. W. B. Adams, may be substituted for me wrought-iron wheels just described, at a slightly 
increased cost ; these wheels consist of an inner tire of strong tee iron rivetted to the spokes, 
and an outer tire of plate iron stiffened on the edges by angle iron rings, and carrying diagonal 
strips on the face to increase the tractive power, and take the paddles sometimes required in 
traversing very soft ground. Between these tires solid india-rubber is packed , forming a spring, 
and thus greatly reducing the jerks and strains to which the engine is subjected. The tires 
are connected by a drag link, so that they cannot slide on the india-rubber. The boiler 
is multitubular, tested to a pressure of 200 lbs. per square inch, and furnished with feed 
apparatus and all furnace and steam fittings necessary for economical and safe working, 
including a steam-pressure gauge, and extra safety valve, a complete set of wrenches, screw 
hammer, firing tools, oil can, spare gauge-glasses, and driving-wheel studs. The coals are 
carried in a bunker at the back of the foot plate. A strong jib, fixed to the fore part of the 
engine, by means of which loads up to 2 tons may be lifted with safety, greatly increases the 
usefulness of these engines for use under the conditions referred to below. 



Nominal horse power . 
Diameter of cylinder . . • • 
Length of stroke 

Price complete, in running order .. 
Extra, if fire-box be large enough to buml 
wood • • • • • • . • • • / 

Packing for shipment 
Approximate weight in cwts. 




£10 
120 



8 

9J" 

12" 

£510 

£10 

£15 
140 



10 


12 


lOJ" 


12" 


12" 


14" 


£580 


£660 


£15 


£15 


£20 


£25 


160 


180 



Waggons suitable to work with Tbaotion Engines. 



Load in tons 

Price, complete with iron or wood wheels 

Price of a set of iron work for iron or wood wheels 

Price of sqrew brake . . 

Packing for sliipment, each waggon . 



. • . • 




4 


6 


Is .. 




£66 


£72 


od wheels . . 




£45 


£50 


• • • • 




£3 


£3 


• • • • 




£2 


£2 



The waggons are specially constructed for carrying minerals and agricultural produce over 
ordinary roads, and the couplings are arranged to allow the waggons to turn very sharp curvec* 



TBACTIOK SNOIKE WITH CBAHE JIB. The engines above referred to are also mado« 
with a crane jib, which is fitted to the locking carriage of the front wheels and tied back to the 
wrought-iron brackets carrying the gear ; the lifting chain coils on a barrel fixed below the 
water tank, and is driven from the engine with suitable gear, lifting, lowering, or holding the 
load suspended when the engine is travelling. This engine possesses many advantages for use 
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POKTABLI RBUi XBOIirE, Fig. 21. The ample eiperience which baa been jruned 
wilh portable engines working nnder very Turied oonditionB, has led to the adoption of many 
importiint improTementfl in tlieir design and proportions, more particularly wiHi a view of 
ouanring eoonom;? in the conaumption of fael, and of obtaining increased durabilitj. 

The oompetiLiye trials held under the naapioeB of the Boyal Agriooltaral Society have 
greatly assisted in promoting excellence of d«a'gn and wothmanship, and the engine illnstmted. 
Fig. 21, is equal to an; portable engine obtainable. In practice the full power of a portable 
engine is seldoin exerted, and in ordinnry engines much t\iet is wasted, becaui^o the supply of 
steam to the cylinder can only be regulated by throttling the staiting-valve, a veiy wasteful 
mathud, producing what is teohnicalty termed "wire drawing"; tut this is avoided by the 
application of a very simple expansion gear, by which the moment of cutting off the steam 
aupplj to the cyliodfr may be rpgnlatcd at nny point, from one qoartr-r of the stroke to full 
stroke. This arrangement lequirea only one eccentric and on*- slide valve, and is not aatneot to 
derangement; and as might reasonably he expected a very marked saving in fuel Is obtained. Aa 
a further safeguBril against waste of fuel, a water heater is provided, whereby the heat of the 
exhaust steam is made to rai e the temperatnre of the feed water to a high point before it is 
forced into the boiler. The cylindfrt are sleam-jacketted, and the boilers are of the multi- 
tubular loomiative type, of ample dimeaaiond, be«t workmanahip, and materials throughout, and 
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stayed for a high-working pressare. The fire box is entirely of Lowmoor iron, and of ample 
dimensions for burning coal or coke; but if (owing to the high price of these ^els where the 
engine is to be used, or any other cause) it be considered desirable to make proYision for burning 
lignite or wood, the boilers can be made with uxtra-large fire boxes, at the slightly-increased cost 
indicated in the price list. A reversing motion is fitted to each engine by means of which it can 
be made to run in either direction, but the engine can be provided with link reversing gear, if 
it is required for such work as winding, &c., and the cost of this is given in the li^s. The 
cross head is guided by two blocks, sliding between two pairs of cast steel bars ; one end of these 
bars is carried on the cylinder gland, and tlie other on a special casting bolted to the barrel of 
the boiler. The connecting-rod is of scrap iron, fitted witli strap hC'tds, and gun-metal bearings ; 
the lubricators on this and all other parts of the engine are worked out of the solid metal. 
The wrought-iron bent crank shaft is of such a length that power may be taken off from either 
or both ends, and runs in wide adjustable gun-metal barings; these bearings are carried in a 
cast-iron saddle bracket, fixed to the fure part of the barrel of the boiler. A heavy cast-iron 
fly-wheel is keyed on the crank shaft. The chimney is provided with a spark catcher, and 
hinged as shown. When thrown back, it rests on a forked bracket carried on the cylinder ; this 
arrangement enables the engine to be taken under a low archway, or into a shed when not 
required for immediate use. Every engine is fitted with a neat and efiQcient governor, and a 
verticle plunger feed pump; but, if preferred, a Giffurd's injector will be fitted instead 
of this piunp, when the cost will be slightly increased. Tlie whole is mounted on wood 
or iron travelling wheels '^the former being preferable excepting for use in tropical climates), 
with patent axles, locking plate and sliafts, check chains, look chains, and shoe; and 
is complete as shown, with all furnace and steam fittings, including a patent steam-pressure 
gauge, double safety valves, one being locked up, steam whistle, and suction hose for pump with 
copper rose, also firing tools, funnel, oil feeder, spanners, and waterproof cover. It is recom- 
mended that the following spare parts be ordered with all engines intended to be used in remote 
districts: gun-metai bearings for crank shaft, and for connecting-rod ends, one set of piston 
rods and springs, one set of furnace bars, six gauge glasses and rings, one tube brush, three 
boiler tubes with steel ferrules for same, and one length of suction and one length of return hose, 
one set of eccentric clips and bolts. The cost of these spare parts is six per cent, on the price of 
the engine. 

Head and Schemioth's apparatus for firing with straw, cotton, wood, or other vegetable 
matter is invaluable in some countries, and can be applied at an extra cost of £70 to £80. 

SiNGLB-CTLINDEB PORTABLE ENGINES. 



Nominal horse power 
Number of revolutions per minute 
Price complete 

Extra for fire box for burning wood 
Packing for export 

Approx. weight of engiae only in cwts. 
„ packed „ 

measurement „ in cub. ft. 



>» 



»» 



2J 


3 


4 


5 


6 


7 


8 


9 


10 


12 


180 


180 


150 


125 


125 


125 


125 


125 


110 


110 


£105 


125 


150 


165 


180 


195, 


210 


225 


240 


280 


£2 10 3 


4 


5 


6 


7 


8 


9 


10 


12 


£2 10 3 


4 


5 


6 


7 


8 


9 


10 


12 


30 


45 


52 


64 


72 


80 


84 


103 


112 


119 


37 


63 


61 


74 


84 


92 


95 


115 


126 


134 


165 


208 


256 


285 


334 


349 

1 


390 


443 


457 


501 



DOUBLE-OYIJNDBB PORTABLE ENGINES. 



Nominal horse power 

Number of revolutions per minute 


8 


9 


10 


12 


14 


16 


18 


20 


25 


30 


125 


125 


125 


125 


125 


125 


95 


95 


95 


96 


Price complete 


£235 


260 


265 


305 


340 


375 


410 


460 


540 


640 


Extra for fire box for burning wood 


£8 


9 


10 


12 


14 


16 


18 


20 


25 


30 


Packing for export 


£8 


9 


10 


12 


14 


16 


18 


io 


25 


30 


Approx. weight of engine only in cwts. 


94 


107 


115 


1J8 


125 


132 


198 


213 233 


263 


„ n packed „ 


107 


118 


126 


130 


138 


147 


216 235 255 


286 


„ measurement „ in cub. ft. 


390 


409 


423 


465 


472 


491 


570 630 710 


790 



The extra cost of a Giffiird's Injector in place nf feed pump varies from £5 to £12, and the 
cost of link reversing motion varies from £15 to £25, according to size of engine. 

POBTABLE VEBTICAL STEAM ENGINE, WITH VABIABLE EXPANSION, Fig. 22. 
In localities where the feed water is highly impregnated with insoluble matter, the water 
spaces between the tubes of multitubular boilers frequently become choked with solid deposit 
to such an extent as greatly to impair the value of the tube-heating service, eventually leading 
to considerable expense and loss of time in repairs, &c. In such situations a plain Vertical 
Boiler of the type illustrated (all parts of which are easily accessible for examination) may be 
used with advantage ; and many years' experience has shown that under these conditions, or 

c 2 
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Fig. 22. 

la oanBtmction gite A bettor vorking tesult than 
H water tubes aocording to 



I, boUors of tb 



. . .._. of the boiler, aoid the 
.. . the fire boi and the shell of the boiler ; there iB 
tube for clearing it of anj deposit which may have 



where wood or inferior fiiel it una 
the ordinary multitubular class. 

The fire box baa one or more < 
smoke tube forms a stay between the oi 
a hand-hole and cover opposite each crc 
been fiirmed. 

The boiler U fitted with the usual fumnoe oountiDgs, chimney with joint to turn down 
when travelling, damper, man-hole strengthened round the edge, and mud-holes round the 
bottom of shell. 

The water and steam fittings consist of water gnage, two gauge oocks, blow-oEf cock, double 
safety valves, one being dead-weighted and locked up, steam pieasuie-gauge and regnlatlug 
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The boiler U fed hj a ^n-met&l pump, worked from the eogine sliKft, with the usual gun- 
metal lalTea, regulating cock, flaiible Buction-liose aud Btraiuer ; or if preferred, a donkej' 
Bteani feed-pump ma; le aupphed with apporatiu for woikiug b; hand when required, at on 
estm chargu of about £5. 

The Bteam cylinder, valve box, guides and central bearing are carried on a strong girder, 
which rigidlj tied together all the workiTig parts, aod takes the strain off the shell of the boiler ; 
and, ia additioD to the ordinar; slide-valve motion, the engine is fitted viith t. vari<Me expatuion 
gear, worked direct from the govemora, enanring Ihe Lighest doty possible from a given weight 
of steam. The eooentrio straps are of gun metal, the coDHectiug-rods are fitted with gun-metal 
heads of the marine-engine pattern, and the details of the eugiae work are carried oat in the 
best stjla. 

The crank shaft is of wrought iron, and is of sufScient length to take a pullej ou either end, 
and the fly-wheel is turned on the face to take a strap. 

The franie is oF wrought iron, and cturiea tlie eud crank-ahaft bearings and the conical 
locking-plato of the front aile ; the hinii axle is curved round the back of the boiler, and is 
attached to the under side of the frame, whicb relievee the boiler of strain when travelling, and 
both can be readily removed for packing aud shiiiment. the ailes are of wrought iron, the 
wheels of irou suitable for hot climates, untesa preferred of wood, and the shafts can be made 
iu irun or wood suitable for horie or bu,lock traction. 



Prices. &o., ofVbrttcal Portable Ehqikkb, 
Fig. 22. 


SiHOLB CtUHUBR. 


DorBLB 
Gtlindbr. 


NoEninal horse power . . 


3 


4 


fi 


H 


10 


12 


fi 


B 


12 


Dhimetef of cylinder 






7f" 


ft" 


HI" 










Length of stroke 




Id 






12 












IJiO 


1.^1(1 


\V.i> 


ll'.'i 


IV,.') 


11^ 


IWI 


IhO 


12(1 


Prioe of engine complete, with governor ., 


£117 


IH3 


•M-l 


241 


2H(I 


Ml) 


VM 


2HI 


H>ih 


Extra for link-motiou reversing gear 
Extra for felting and lagging boiler 




H 


II) 


II 


12 


tv. 


Irt 


IK 


W 


10 




1.1 


I.') 


IK 


16 


IH 


l.-i 


17 




10 


Ml 


«.■> 


'ii> 


H.S 


95 ' 70 


m 


100 




150 


liit) 






4i)0 


500 300 390 


510 



B pow are not fitted with 




Fig 23 



EOSIZONTAL BEKI-FIXED STEAK ERQIITB Pig 23 The construction of both engine 
and boiler ia exactly the same aa the Portable Engine, Fig. 22; but inatead of being fitted with 
wheels and fore carriage, Ihe smoke-box end of tbe boiler ia carried on a feed-water tank, and 
it may be put down on timber or brickwork, and in many places no special foundation is 
required. Engines of thia kind occupy but little apncc, and can be fixed in any building, the 
chminej being lengthened to paea through the roof if necessary. 
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PbICEH of BoBIZOKTAL SlHOLB-CTLINDEB Behi-fqed Engiheb, Fig. 23. 



Nominal horse power 
Price complete 


.. i 21 S 1 * 5 1 6 
.. £120 £145 £175 £190i£2IO 


7 1 S ! 9 
£225 £^45 £265 


10 12 

£280 1 £320 


Prices o 


T HOBIZOHTAL DOEBLt«TLIIJDEB SEHI-nXID EKOINEB. 


Nominal horse pover 


e 

£275 


9 10 

£290 £305 


13 
£355 


H 

£400 


16 


18 

£495 


20 
£530 


25 
£610 


30 

£755 
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VERTICAL ma-nXSD 8TEAX ENOIKE, Fig. 24. The eDgine and boiler are similar to 
the Portable Engine, Fig. 21, but the engine is mounted on a cast-iron base-plate, which 
serves as an ash-pan and water-tank. The outer beuringd of the crank shaft are carried by two 
cast-iron brackets, fitted with ^nn-metal adjustable bearings, the engines above eight horse- 
power having a self-acting variable expansion. The engine may be placed on timW, brick- 
work, or stone foundations, and set to work without the previous preparation of expensive 
foundations. 



Priobs of Vsbtioal Semi-fixed Steam Engines, Fig. 24. 





SiNGLB CtLINOBX. 






DOUBLS CTLIIfDKB. 


Nominal horse-power 
Price, complete . . 

1 


3 

£110 


4 

£150 


6 

£180 


8 
£215 


10 
£255 


12 
£280 


6 
£210 


8 
£255 


12 
£330 



The dimetisions, weights, &c., are nearly the same as the Vertical Portable Engine, Fig. 23. 
Extra for link motions, lagging, &o., same as for Vertical Portable. (ISee p. 31.) 

OSCILLATING PADDLE ENGINE, Fi*?. 25. This type of paddle engine has been used 
more than any other, on account of the large power which can be provided in a very limited 
space; the piston rods working direct on to the crank pins, there is little loss by friction, 
excepting that due to the friction of the trunnions. Tiie steam enters the cylinders through the 
outer trunnions, and, when it has done its work, passes 'through the inner trunnions to the 
condenser; the air-pump is driven off a crank central between the two cylinders, and the two 
feed-pumps are worked by eccentrics on the paddle shaft. The bearings for the paddle shaft 
are carried on a strong entablatiu^, which is supported on wrought-iron stays or columns from 
a massive iron base plate. 

A very large number of these engines are employed in the passenger traffic on the Thames 
and on many foreign rivers, and that they are equally adapted for sea-going steamers is shown 
by the fact that they are almost exclusively fitted to the vessels plying with such extraordinary 
regularity between Dover and Calais, Dover and Ostend, Folkestone and Boulogne, &c., even in 
the worst weather. 

The form of the framing is such, that whilst being light, there is ample strength to resist 
the severe strain caused by the work being suddenly thrown on one paddle, whilst the next 
moment the deep immersion is sufficient to greatly retard the normal speed of the engine. 
The materials and workmanship are of the highest character, and the subjoined approximate 
values include the usual fittings, steam and vacuum gauges, apparatus for lubrication, all 
conveniently placed within the observation of the chief engineer. 



Nominal horse-power .. 

Diameter of cylinder .. 

Length of stroke 

Number of revolutions per minute . . 

Price of engine, complete 

Prices of suitable boilers with fittings 

Approximate weight in tons, packed 

measurement in cubic feet 



■ . 



60 

18" 

18" 

100 

£1080 

£900 

25 

900 



120 

24" 

24" 

75 

£2160 

£1800 

50 

1700 



180 
30" 
30" 
60 

£3240 
£2600 
70 
2500 



260 

36" 

36" 

50 

£4500 

£3400 

90 

3000 



These prices do not include piping, connections, &c., between the engine and boiler, nor 
paddle wheels. Cost of packing about 5 per cent. 



DIBECT-ACTINO SCBEW ENGINES, AND BOILEB, Fig. 26. The engines of this type, for 
vessels up to 300 tons, have inverted steam cylinders carried on strong hollow standards, which 
also form the guides for the cross heads ; the slide valves are between the cylinders, and the valve 
box cover is on the side, giving easy access to the valves for examination, &c. The engines have 
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c&ae-bftrclened link molion reverBing 
geai and «eparato eipanainQ valve, eu- 
auring nn ecODomical diBttibntiun of 
Blaiiu. Tlie oondenser is fixed on one 
siJe^ tliD air pump ia driven by aide 
levers from the orusa head of the en- 
gioe, anil tlie whole BrraDgement ia 
neat atid oompaot. The BtaodardB which 
curij the eogioea are fixed to a BtroDg 
oaat-iion hose plate of the form Bhowu 
in the Eneravrng ; tho bearings for the 
oraok ahait, including the throat bar- 
ing, are also secured to this plate. The 
arrev ahaft ia ooapled direct to the 
eiank abaft, and paases through a atem 
tube as aliown. It iauaually fitted with 
a three>bladcd acrew propellei, but any 
other form may be adopted, and the 
propeller ia made of malleable cast 
iron, gun metal, or caat ateel, as may be 
deaired, the price vaiylng acoording to 
the material employed. The boiler is 
of the ordinary circular form, vrith an 
internal flue and return tubea. the up- 
take leading to the chimney being in 
frout of tlie boiler and directly above 
tlie fire dour. The boiler ia of the heat 
material and workmanahip througliout. 
and ia fumjahed with all the bteom 
mountings and. furnace fittings neces- 
sary tor its safe, efficient and ecoao- 
ni al working, A donkey pump for 
feiMJiQgthe b^er is shown on the left 
band aide of the engraving of croas 
section. The ^ricea of theae engines 
will be pioportiOQate to those given on 
pagea S'6 aiid 37, but they muat neces- 
ksriiy vary conaidecablj, the enginea 
and lx)ilera being almoet InvarisUy 
designed to auit the lessets for which 
they are intended. 

OOXFOHin) IC&BINB EHQIirES.— 

Tery eeonomical results have been and 
are being obtained from compound 
nuTine engines. Many arrangemeuta 
have been tried, but the engines 
wiih oue high and one low prosauro 
cylinder, or one hi^h pressure and 
two low pressure cylinders are those 
which have given the greatest eco- 
uomy, eapeciallj In ocean-going 
ateainers, when the conaumption of 
fuel Ib of far greater importance then 
the difference in first coat, this type of 
engine being neccBsaiily more expen- 
aive than those working high pressure 
only. The first- named oonatructiou 
(onehig;h and oue low pressure cylinder) 
is mora used than that with three 
ryliaders; the proportion of the low- 
pressure cylinder ia from 3 to 4 tiniea 
Ihe capacity of the liigh-presaure cy- 
linder, and tlie advantagis are. tliat 
enginea of comparatively small dimen- 
sions and weight develope a given 
power with a much lower consumption 
of fuel than higli-proaaure engines. 
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YEBTICAL TACHT EKOIHE. The great increase in the number of yachts, small tug- 
boats, and steam lighters, in use on rivers for business and pleasure, has led to the production of 
engine, Fig. 27. It is neat, compact, and strong, and has been designed with a view of taking 
up as little head room as possible. The engraving, taken from a photograph, shows a double- 
cylinder engine, but prices are given below of both single and double cylinder engines of this 
cluBs. The same design is adopted for all tlie smaller sizes enumerated in the list, but is 
somewhat modified in the larger sizes. The two cylinders and valve boxes are cast in one 
piece, the valve boxes being turned outwards, and therefore being quite accessible for 
examination. The standards carrying the cylinders are massive iron castings, forming the 
guides for the crosshead ; they are bolted to a castriron base-plate carrying all the bearings 
including the thrust bearing. The pistons are metallic, with ringd and springs, the piston rod of 
steel, the cross head adjustable, and the connecting-rod of wrought iron, fitted with adjustable 
gun-metal bearings. The crank shaft and screw shaft are of scrap iron, and run in extra long 
gun-metal bearings. The screw propeller is of the ordinary three-bladed description, and may 
be had either in gun metal, cast iron, malleable cast iron, or steel, the price varying according 
to the metal employed. The stem tube is of cast iron of suitable length for a single screw 
boat, but where twin screws are employed, or in some other cases, it would require to be 
lengthened. The engines are fitted with double eccentrics and link reversing motions, the 
hand lever being provided with spring bolt and notched quadrant, for holding it in any desired 
position. A suitable feed pump is provided with each engine, and the design, materials, and 
workmanship of both engines and boilers are of the highest class. The boilers are of the type 
illustrated in Fig. 28, which give economical results, and occupy small space. 

DOXTBLE-CYLINDEB ENOINEfl. 



• 

Nominal horse-power 


3J 


5 7 


8 


10 


14 


18 


24 


30 


40 


Diameter of each cylinder . . 


4" 


5" 6" 


6J" 7" 


8" 


9" 


10" 


12" 


14" 


Length of stroke 


5" 


6" 7" 


7" 1 8" 


9" 


10" 


12" 


14" 18" 


Number of revolutions per minute 


300 


250 215 


215 li)0 


170 


150 


125 


110 90 


Price of engine, cast-iron propeller, ftc. . . 


£97 


120 150 


170 195 


260 


850 


390,470 580 


Approximate weight in cwt., packed 


5 


9 13 


15 18 


24 


33 


43 


68 100 


'„ measurement in cubic ft. . . 


10 


18 27 


30 


40 


50 


66 


90 


130 220 



SlKGLE-CTLlKDEB ENGINES. 



Nominal horse-power 

Diameter of cylinder 

Length of stroke 

Number of revolutions per minute . . 

Price of engine, cast-iron propeller,! 

OiC* •• •• •• •• * * 3 

Approximate weight in cwts., packed 
measurement in cub. ft 



»> 



2 


24 


3 


3* 


5 


7 


9 


12 


15 


20 


28 


H" 


5" 


5i" 


6" 


7" 


8" 


9" 


10" 


12" 


14" 


16" 


^r 


5" 


6" 


6 


7" 


8" 


9" 


11" 


12" 


14" 


16" 


320 


300 


250 


250 


215 


190 


170 


135 


125 


110 


100 


£58 


70 


83 


85 


100 


liO 


170 


205 


250 


330 


440 


3 


4 


7 


7 


9 


12 


15 


20 


29 


42 


55 


8 


10 


15 


15 


20 


25 


30 


40 


60 


90 


120 



It should be remembered that, although for any given power the single-cylinder engine 
costi rather less, and takes up less keel room, it occupies more head room, and is not so efficient 
as a double-cylinder engine. 



STSAH SCBEW TUe with HOIST and FISE EKaiKE. Fig. 28 illustrates a steam tug 
which serves many purposes, and is worthy of special notice. The total length of the vessel 
illustrated is 45 ft., the extreme breadth 10 ft., and the depth 7 ft. ; and as it was for use 
abroftd, it was constructed to be sent out in sections, and easily fitted together on arrival at its 
destination. The tug is capable of towing two lipjhters, eath carrying 50 tons, and (by means 
of the hoist shown in the crankshaft) discharging the cargoes into vessels lying out in the 
roads. The boiler is of the type generally employed for marine work, and occupies the centre 
portion of the boat; it is 5 ft. in diameter and 5 ft. long, and has 38 return tubes 2^ in. 
diameter. The engines are of the inverted kind, and are placed aft of the boiler, the crank 
shaft being coupled directly to the screw shaft. The cylinders are 8 in. diameter and 8 in. 
stroke. The valves are placed between the cylinders, and are fitted with link reversing 
motion ; the crank shaft, piston rods, valve rods, and cross heads, are all made of steel, the 
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eccentric straps, glands, pump plungers, &c., of gnn-metal, and the link motions aro casp- 
liardened. The i^crew is of cast iron, 4 ft. in diameter, and lias four blades 4^ ft pitch. 
The screw sliaft is of steel with the thrust collars forged on, and a thrust bearing is 
provided as shown in the engraving. On the crank shaft bttween the thrust bearing and the 
engines is fitted a direct-acting hoisting barrel similar to that employed in ihe steam ware- 
house hoist illustrated Fig. 106, Section 2. This hoitit has a simple arrangement for obtaining* 
either single or double purchase; it can be used for a variety of purposes, such as discharging 
ship's cargo into lighters or vice versdj and is altogether a very valuable addition to a tug. 
On the forward side of the boiler U fixed a large water tank, one side of which is formed by 
a bulkhead ; this tank can either be stored with fresh water for use in the tug's own boiler, 
which is much better than employing salt water, or it can be used for taking a supply of 
fresh water out to ships in need of it. Over tlie tank will be seen a direct-acting steam fire 
engine ; this is a very important addition to the tug, as in case of a fire breaking out on the 

a nay or in the harbour where the tug is usually employed, it can be immediately used as a 
oating fire engine. The pump is also used for pumping fresh water into ships. The 
arrangement of the towing gear is so clearly shown on the engraving that it needs no special 
description. All the piped connecting the engine and boiler, &o., are of copper, and the whole 
is of the best workmanship and materials throughout. 

The tug referred to was designed and supplied by the Authors for use on the coast of 
Africa, and it has rendered good service under the conditions above referred to. Everything 
was fitted together in place, and marked for re-erection at destiuHtion, but it was sent out in 
pieces, which effected a large saving in freight; the sides of the hull were painted different 
colours, and the plates and ribs being distinctly marked, the work of erection was completed 
very quickly, and at little cost, by men who had not previously been employed in work of that 
character. 

STEAM LATTNCHES. The large number of steam launches and small yachts now in use for 
business and pleasure in all parts of the world, has natural J y led to the production of very 
superior boats ; and steam yachts are now made capable of attaining a speed of over 20 miles 
an hour. Fig. 29 is merely an illustration of one type much adopted, but there are many 
varieties, and the values necessarily vary with the character of the boat and fittings required. 
Many of the engines referred to in the foregoing pages are suitable for launches and yachts, 
especially the vertical engines and the three-cylinder engines. Figs. 25 and 30. The three- 
cylinder engine is very compact, and possesses the advantage of requiring but little atten- 
tion, and working almost noisele.-sly. The subjoined price list gives the approximate cost of 
launches, but, owing to the many variations in style and detail, and the constant alteration in 
cost of production, the prices must be regarded as being only approximate. 

The yachts tabulated are similar in appearance to the engraving. 

Fbices, &c., of Stbah Launches, Fig. 29. 



Length 

Beam 

Approximate speed in miles per hour 

Pnoe clinch built of mahogany . . 

carve built of mahogany . . 

,, „ vcaK . . 

built of iron . . 

8w6ei . • • • 



»» 
»» 
>» 
>» 






» 



30' 0" 


85' 0" 


45' 0" 


50' 0" 


60' 0" 




6'0" 


6' 6" 


ro" 


8'0" 


9'0'' 




11 


12 


13 


14 


15 




£350 


£440 


£560 


£6S0 


£820 




£365 


£455 


£575 


£700 


£840 




£420 


£490 


£610 


£730 


£875 




£430 


£500 


£620 


£740 


£890 




£445 


£525 


£645 


£765 


£910 




£455 


£540 


£660 


£785 


£935 





These prices are for delivery in London; packing for shipment will vary according to 
circumstances, but will seldom exceed 5 per cent. The draught can be varied to suit 
requirements, averaging about 2 ft. 6 in. in the smaller sizes, and 3 It. to 4 ft. in the larger ones. 



THBEE-CTLINDEB STEAH EKGINE ( Willan's patent). Fig. 30. Engineering says :--** The 
engine can be run at almost any speed without noise or inconvenience, whilst the distribution 
of steam effected is very good. For driving fans, centrifugal pumps, or similar high-speed 
machinery, this engine is exceedingly well adapted, while it might readily be arranged as a 
very handy wall engine for driving fast-running shafting." 

The construction is such that the connecting-rods are always in compression, so that there 
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is rta blov on the cranks, and there is an absence at " knocking," which is bo often experienced 
with donble-aotioK engines when ronning et high speeds. T^ small space occupied in height 
and vidtli is an advantage on board a smaU stesin yacht or tug-boat : there are few working 



Indicatedliorse-power, vith TO tbs.Bteam per square i 

SO lbs. „ „ 

Diameter of cylinders 

Length of stroke 

Number of revalutioiis per minute 
Weight of engine complete in cwt 
Price complete with reversing gear 
Extra fitted with high-speed governor .. 
Diameter of steam pipe .. 

Diemeterof exhaust pipe 

Breadth 

Height 

Length, over bearings 



fi 


11 32 


S7 


» 




Iti 


4" ■ 6" 




4" 


*" ! 6" 


7" 


4IK> 


400 3S0 


;-«ii) 


^ 


Si ; 8 


H 




35 55 


Wl 


f^ 


5 10 7 


K 1(1 


i" 


1" li" 


,).. 




Ij" 2" 




n- 








20" 29" 


40" 


IM" 


25" 86" 


47" 



72 


125 


HI 


53 


K" 


10" 




12" 


■Ml) 


250 


l«\ 


81 


ll'l 


180 


10 


12 


2" 


2*" 


■r 




?7" 


34" 


n" 




IS" 


"■ 



Packing anil deliver; per ceuL extra. 
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31. The Sttst attempt* 

; (hia was piobablyowing 
lo (ne roRDiier in v/dlcq it vus tiied to utilise the 
eiplndve energy of Ibo gas. The enginee eiiiplof ed 
nere verj Bimilar in design to the orilinary borixuD- 
tal steam engine. Thu ess iotTDduced into the 
cylinder was exploded, a eudden blow was thus com- 
muDicatditotbecrankBbafttbrongh theconnectiDg- 
rod, which v/an attended with many disadvantages : 
a very large fly-wheet nui required to absorb the 
power thus suddenly generated, and give it out 
unifurmly ; theiHrinua parts subjected te the blow 
Boon fat out of order, and the cylinder became foul 
from tLe tar, Ac., which was left otter the explosion. 
lu the engine, Fig. 30, these difficulties have been 
Terj ingeniously overccmr, and a Saving in gns of 
more than SO per cent, is effected. The action of 
tills engine is as follows. Goa and aii, mixed in aucb 
proportions as to give a mild explosive compound, 
are admitted under a piston which si ides air-tigbt in 
a vertical cylinder open at tbe top ; this compound 
is ignited, explodes, and drives the piston upwards. 
The ignited gases liaving increased in volume, lose 
their heat, their pressure becomes less as the piston 
rises, and when it reaches the top of its stroke, a 
partial vacuum is formed, and the pressure of Ibo 
atmosphere causes the piston to deacend. Tbe work 
thus done steadily by the atmosphere during; tiie 
return slroke of the piston yields the driving power, 
which is transferred to the shaft by suitable mt- 
chanism. This utilisation of the instantaneous power 
of the explosion by allowing the piston to fly up 
freely, without doing other work than emptying tbe 
cylinder of air. Is tlie bauiB of tbe great economy and 
Euccess of these engines. These gas engines possess 
many advantages over steam engines for msny pur- 
poses where only a small power is required. I'hey 
can be started at a moment's notice, and will at once 
give out their full power ; no time is lost in getting 
up steam. When no longer reqnired, they can be 

...tthe case with st«am engines, for even it Ihe fins bo 

imnedialely drawn, there is still a large quantity of heat in the Miler which is wasted. The 
attendance required does not average mote than about an hour per dajforone man, and as theie 
is no Bring or stoking nor riskof boiler explosions, the principul fire insurance companies require 
no increase in the premiums on premises where these gas engines are erected. If less than the 
full power is reqnired, the number nf explosions (and consumption of gas) is reduced by self- 
acting mechanism in proportion to the reduced power wanted. Common ootd gas (at 4i.per 1000 
cubic ft. ) will feed those engines for about one penny per hour per horse-power ; in fact this 
is tbe guaranteed consumption, and if it is exceeded after a reasonable trial, and due care baa 
been t^en, the engines may be returned. 

Horse-power 

Diameter of fly-wheel 

„ driving pulley 

Number of revolutions of fly-wheel per tain. 1 at full ( 
„ strokes of piston „ / power ) 
Price of engine complete .. 
Weight of engine in owt, packed 

Paoking and delivery 5 per cent, extra. 
COKFSBSBXD-AIS EFOHTES (see Seotion 5). The use of oompressed air as a motive 
power has of late years largely increased, not only tot a variety of purposes in underground 
workings, but also for driving ttam-oars, woiUng rock drills and other similar machines : in 
(bet, in very long or deep workings, such as the Hont Cenis or St, Gothard tunnels, com- 
pressed ait is perhaps indispensable for driving machinery, as instead of ptoduciiig noxlona 




Fig. 31. 
stopped without waste fuel. This ii 
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60'' 


eft" 


10" 


12" 








100 


95 


95 






40 


S« 


sa 


SO 


80 


£62 


£80 


£105 


£144 


£180 


9 


W 


29 


42 


56 
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▼aponrs and heat, like the steam engine, the exhaust assists materially in the often somewhat 
diilicult task of ventilation. Although an ordinary steam engine may be driven by compressed 
air, much inconvenience is experienced from the air ports being cloggied with ice, it bein^ 
almost impossible to dry the air before using it. The Authors have designed and manufactured 
many air motors for use in tunnelling work which liave given very satisfactory results. I'he 
supply valves are quire distinct from the exhaust valves, the latter being so placed that the 
exhaust air blows straight out from the cylmder without having to travel any sinuous ports ; 
with this arrangement no inconvenience whatever is experienced. A motor of this form, otm- 
structed by the Authors, U illustrated in Spon's * Dictionary of Engineering,' Figs. 25h2 and 
2583, pp. 1299 and 1300, where it is shown driving six diamond lock drills. The cost of com- 
pressed air motors is nearly the same as that of horizontal steam engines, Fig. 4, the 
prices for which will be found at p. 7, and Section 2, p. 114. 

HEATED -Ant ENOIKEfl. Although numerous attempts have been made to introduce hot- 
air engines, and many have been worked for considerable periods (^Stirling's engines worked 
the Dundee foundry for many years, developing 45 liorse-power), they have never hitherto given 
good commercial results in large sizes ; but for small powers they compare favourably with small 
steam engines, at least in economy of fuel. Although more bulky, and consequently much 
higher in first cost than steam engines of equal power, it must not be overlooked that no boiler 
is required which reduces the total cost to near that of tlie engine and boiler together; when 
once started, they will run for hours without any attention, and owing to the low pressures 
generally employed, and the absence of boilers, there is no risk of explosion. In Wenham's 
patent engines, tabulated particulars of which are g^ven below, the air is heated in a closed 
combustion chamber by direct contact with the fuel, and passes with the gases evolved into the 
cylinder. The cylinrler is single acting, the upper part of it being arranged to serve as an air 
pump, and there is the nsnal regenerator for economising fuel. 

Pbices, &o., of Wenham'b Patent Heated-aib Engines. 



Horse-power 

Diameter of cylinder 

Number of revolutions per minute 

Price of engine complete .. 



I 


1 


2 


3 


5 


10 


12" 


16" 


20" 


24" 


. 30" 


40" 


140 


120 


110 


100 


90 


90 


£75 


£J8 


£144 


£190 


C277 


£370 



Packing for sliipment about 5 per cent. 

The following advantages are claimed for the Wenham engine : — 

Economy of fuel and complete combustion of smoke. 

It is self-contained, and portable, requiring no fixing or building of any kind. 

The use of it does not increase insurance premiums. 

ITie fire is charged only twice in one day's work ; beyond this no attention except the 

occasional application of an anti-attrition powder, used in place of oil, is necessary. 
No risk of explosion attends their use, the pressure never exceeding 15 lbs. per square 

inch. 

BTDEB'S HOT-AIB EKOIHE, Fig. 32. The Ryder Compression or Hot«air Engine 
is for small powers, from half a horse to two horses. As will be seen from the sectional 
engraving, it is extremely simple in construction, there being no valves excepting a 
small check valve which supplies any trifling leaking of air which may occur. Like the 
Wenham engine, the attention of a skilled labourer is not required, but unlike it, none of 
the moving parts are exposed to the direct heat of the fire, and experiment has shown that it 
will develope as much power with a given weight of coal as any of the small motors. It will be 
seen on reference to Fig. 32, that the engine consists of a compression cylinder, a, and a power 
cylinder, b, with their respective plungers, c and d, and a regenerator, h. The lower portion of 
the compression cylinder is kept cool by the water circulating in the vessel e, whilst the lower 
portion of the power 'cylinder is kept hot by the action of the fire on the heater f. The 
compression plunger o nearly reaches the base of the engine, but is a trifle smaller than the; 
interior of the cooler e, leaving a thin space for the air to pass down and become thoroughly 
cooled. TJie power piston is also of sufficient length to nearly touch the baiter p at the lower 
prirt of its stroke, and both it and the heater are so formed as to present a small annulus of air 
to the action of the firo so that it may be very rapidly heated. The telescope or qnill o forms 
a small annular passage for the air to pass down on its way from the compression cylinder 
to the power cylinder. Between the cylinders is situated the regenerator h, which is composed 
of a number of tidn metal plates slightly thickened at their edges, which, while affording a free 
passage to the air, subdivides it into thin sheets ; thus a large portion of the heat is alternately 
abstracted from and returned to the air in its passage to and from the power cylinder, pro- 
ducing great economy in fuel and steadiness of power in the engine. As the same air is 

D 
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eontiDiially used, thsre U no 

noise occuaioned b; tlie escspa 
ofeihau-tair. 

A certnin amouDt of water 
most eithei be pumped Uirough 
the cooler B or nlloned lo oircn- 
late througli it b; graiitation 
lo keep it cool, and it moBt be 
evident that the meet economi- 
col adaptation^F this machino 
id as a pumpiaf- e tgine : when 
to emptojeil, all tlie vater 
pumped lanuLdetopaBBtliraugh 
ihe cooler on its nay to tLe 
tank or other deeli mtioo. 

The hot-Bii engine nill an- 
doubtedlj be eitcnaively need 
for ft g eat variety of purposes 
when It becomes more known 
that It IS perfectly safe end very 
ecoDomicol. Little or no skilled 
laboat la required to keep it in 
good working order, and the 
^ng la practically tbe same as 
for an ordinary stove. 

For fftLtorieB wliere a motor 
IS required to work ECwins or 
other araaH mac] lines, nothing 
better could bo desired. 

It la also remarkably well 
adapted for pumping watrr into 
ft tank on the top of a wareliouse 
a other building to supply the 
Ijydiaatio poner required to 
work a lift of the construction 
illustrated and described at pp. 
98 and 99, Section 2. The 
engine is kept in motion as long 
as mav be necessary, and the 
water ^ing used over and over 
again there is little waste. Tliig 
arrangement is far more econo- 
mical than taking the water 
from the public mains, even 
where this can be done at a low 
taritf 

The price of these engines 
fttteil for pmnping is tho same 
when intended for driving 
„ -ing machlnea, coffi^e mills, 
printing machines, Ac &c, and 
u given below : — 



Nominal horse-power 
Diameter of cylinder 
Number of revolutions per minute 
Price, complete as shown 
Height lo top of fly-wheel 
Flc»r space required 
Weightialbs 




Extra on list price fin packing and delivery in Loodon, 5 per cent. 
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TIHOKHLS hare been and at 
extremelj rarifible and unreliable 
limits ttieir application ; for althouj 
atteution, it is gf oerjU; preferable 
be relied upoa for use wIirtk 



ire exteDBiTety med to taauy piuia of tba world, bot tlie 
Lire of the power of the wind in this conntry Dsturally 
ihen once act to work, a windmill requires but very tittle 
mplof a more expensive foim of motive power wiiicL c&n 
required, ^till tliero are many caaee, bui'L aa for grindi 



, paniping for irrigation or diainBgc, &c., wliere niiidmilla can be Used wiib 
advantage, and m some purts of the wotlil, nhuro the fiirce of the wind ia pretty constant during 
a considerable portion of the year, they miiy be emplnyed for almost any purpoae, and nith 
careful mauMgement would probably yield a good return. The coBt of a windmill with wroughl- 
iron tower and all modern appliancea for reefing fails, &c., of abaat one burac-power with a fair 
breeze, ia £120 ; bat it is impoebible ta give data aa to coat without full detail! of tho local 
conditiono. 




WATEB-WUSKL, Fig ^3 There la, perhaps, no better agent for utilising water-power, 
where the supply is constant and the prpisure (or what iseguivalent the fftll) is low, than the 
water-wlieel. There are set oral varieties, but those moat generally used are the overshot, breast, 
and undcrdhot- 

The aeries of experiments oondocted by H. Poncelet and M, Morin show that overshot 
wheels yield 60 to SO per cent, of the theoretical power ; breast wheels yield 45 to 50 per cent, 
of the theoretical power; undershot wheels yield 27 to 30 per cent, of the theoretiou! power. 
Notwithstanding ttio manifidst loss in the power which ought theoretically to be developed, the 
undershot wheel is still very much osed, partly, no doubt, because, as in floating mills, which 
are moored in rivers with a stream running from two to seven miles per hour, the motive power 
costs nothing more than the interest on the capital expended on the barge or craft and the 
water-wheels, and partly because water carriage was, and still is, in some ooimtries practically 
the only cheap means of conveyance. 

Hills ot the kind last refeired to may be seen in all parts of Enrope. many of them of very 
ancient date, but probably few have been constructed within the last twenty-flve years, steam 
mtlla and railway communication having supersede the slower and cheaper water ways and 
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inillB. There are, hoireTer, localitiea where, as in Upper Egjpt, fuel is MOice, and the natei 
supply (the Nile) affonta & motlTe power at once clieap aud reliable, fuid where water-mOU may 
be used uith (ireuC advautaga. A number of floatiog milld, witb nndnishot wheels, have been 
designed and supplied b; tlie Authote tor tise, under tbe conditious above named, and tlia cost 
of a pair of wheels 25 ft. diameter hj 10 ft. wide, two pairs of atones, i ft. diameter, with 
complete dreasiDg apparatus, aud centrifugal pumps for utilising the power of the wheels for 
irri^tion when the xaill was standing, was £1^00, the craft and housing being provided 
at deetinatioD. 

This subject will be referred to in Section 6 : but the data given above may be useful, and 
la, perhaps, as much as is necessarj relative to innchinerj which must be spedallj designed to 
meet local oonditiini^ vhioh are oonBtaatl} varying. 




TOVTAL HTBBni^ Fig. S4, la adapted for low &lls, and is available ftir driving a set of 
mitlsti^nes or any other cla^s of mschmery The price of turbines necessarily depends 
entirely upon attendant cooditiuns, reftrrid to at pages 47 and 48. 

Where a plentiful supply of water ia oi:t»inable, turbines a e nndoubfcdly a very excellent 
form of prime mover , afttr the first outlay but little eipense is incurred for working or repairs, 
and it baa been demonatralnd beyond doubt that they give a much higher percentage of 
duty than a water-wheel 

One of the best eiamplea of the employment of turbinea is at Saint-Maur, where fbnr 
Torbiues, each of 120 hone-power, designed by the late H Girard, the celebrated hydraulio 
engineer, may be seen at work supplying water to the city of Paris ; but many equally good 
examples may be seen lu Switzerland, Sweden and Norway, where, practically, an UDlimiied 
supply of water, with a high fell, providea motive power at a very low exist, indeed so cheaply 
that manufaotorera compete successFully with others far more favourabl]r placed as regards the 
cost of land carnage for the raw material and finuhed products. 
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Fig 35. 

TOHTAL TnSBnrE Fig. 35. The wnter acta perpfndicdtarly or pnndlel with ths Tertiont 
drivini! shaft, directed thronf^h an anrinlar ring- of guidt^ bliules, Bet at the required angle, and 
impin^ni^ against a series of vanes fixed at an oppoBite aogle nn llie circuniferenoe of the 
revolving wheel : the power is regulated by partially closing the water paasaF^cs tbrouKh the 

ruide blades. Fig. 35 repreeenta one of t)ieBe turbines as erected and edaptsd for medium or 
igh &II1. 
The snbjoined list pves a general Mm of the coit of the turbines. Figs. !t6 nnd 37: but 
the power required and the height of fall aTaitahle are bo varied, that modiflcatinna of con- 
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Btmction and arrangement are often necessary; It is, therefore, impossible to compile a Tablo 
sufficiently compreliensive to be universally applicable. The prices given for the seveml parts 
'will, in common with all other prices in this book, vary with the fluctuations in the cost 
of materials and labour. 



Horse- 
power. 


Height 
of fall 
Infect. 


Cable feet 
, of water used 

per minute. 

1 


Revolutions 

of wheel 
per minute. 


Cost of 
turbine. 


Extra cost 

of movable 

guide blades. 


Size of 
pipe in 
inches. 


Gostof 

pipes 

per toot. 


Approximate 

weight of 

turbine 

in cwts. 










£ «. 


£ 8. 




£ 8, d. 




6 


15 


282 


247 


65 


17 


16 


17 


28 


6 


20 


212 


8U 


57 


16 


14 


14 6 


24 


6 


25 


169 


446 


50 10 


14 10 


13 


12 6 


22 


6 


80 


141 


567 


47 


13 10 


12 


11 


18 


6 


40 


106 


811 


44 


11 10 


10 


8 6 


16 


6 


50 


85 


1057 


42 10 


11 10 


9 


7 


15 


8 


15 


377 


207 


74 10 


21 


18 


19 6 


38 


8 


20 


282 


296 


67 


17 


16 


17 


28} 


8 


25 


226 


391 


60 


16 


14 


14 6 


25 


8 


30 


188 


491 


55 


15 


13 


12 6 


23 


8 


40 


141 


700 


49 10 


13 10 


12 


11 


18} 


8 


50 


113 


929 


47 10 


12 


10 


8 6 


16} 


10 


15 


471 


185 


86 


24 


21 


18 


50 


10 


20 


353 


264 


75 


20 


18 


19 6 


38 


10 


25 


282 


350 


68 


17 


16 


17 


29 


10 


30 


235 


439 


62 10 


16 


14 


14 6 


26 


10 


40 


176 


630 


58 


15 


13 


12 6 


24 


10 


50 


141 


830 


55 10 


11 


12 


11 


22} 


15 


15 


706 


150 


116 


30 


24 


1 15 


65 


15 


20 


529 


216 


98 


25 


22 


19 


56 


15 


25 


423 


285 


84 10 


21 


20 


1 3 6 


42 


15 


30 


353 


359 


76 10 


20 


18 


19 6 


38 


15 


40 


265 


513 


67 10 


17 


16 


17 


27 


15 


50 


211 


680 


61 10 


16 


14 


14 6 


25 


20 


15 


941 


130 


141 


33 


28 


2 


90 


20 


20 


706 


187 


121 


30 


24 


1 15 


66 


20 


25 


565 


247 


104 


25 


22 


19 


56 


20 


30 


471 


310 


90 


23 


21 


18 


43 


20 


40 


353 


445 


81 


20 


18 


19 6 


32 


20 


50 


282 


588 


74 


17 


16 


17 


28 


30 


15 


1412 


105 


184 


40 


33 


2 11 


130 


80 


20 


1059 


145 


156 


34 10 


30 


2 7 


100 


30 


25 


847 


195 


142 


31 10 


26 


1 19 


86 


30 


30 


706 


250 


127 


30 


24 


1 15 


70' 


30 


40 


529 


350 


115 


25 


. 21 


18 


63 


30 


50 


423 


460 


101 


22 


18 


19 6 


45 



In this list each horse-power is equivalent to 33,000 lbs. raised one foot per minute ; the 
fall is the distance between the water lines of the head and tail race. By a modification of the 
turbines the speed can be altered, but at a slightly-increased cost. The prices given for pipes 
are for 9-foot lengths with turned flanges, bolts, and joint rings; bends or short lengths are extra. 
When the pipes are long, and have to be laid in the ground, ordinary cast-iron socket-pipes can 
be used, and these can be obtained at a much lower cost ; see Section 3. The outer cases of the 
turbines are of cast iron, the guide blades of wrought iron, and the revolving wheel, in tlie 
smaller sizes, of rolled brass ; the larger sizes of wheels are made of wrought iron. The wheel 
is keyed upon a 4-foot length of shaft, for welding to any longer length required, and is fitted 
with pivot, pivot bridge, &c. 

In order accurately to estimate the cost of turbines, it is necessary to know the quantity of 
water obtainable, or if this is not ascertained, the power required, assuming the water supply 
suitable ; the total fall between the surface of the water in the head and tail races at the usual 
working levels ; the length of pipe wanted (the water should be brought in an open cutting or 
timber trough, fitted with strainers, as far as convenient, bo as to shorten the pipes) ; and 
particulars and speeds of shafts, and pulleys required. A rough sketch, giving proposed 
arrangement and position of turbine, is also very useful. 
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VEETICAL VORTEX TUBBIMX. Vigs. 36 tn 40 all repre«eDt Turioua tonoa of the 
Tortei turbme, invented b^ Profesaor ^luee Thomson. The water is admitttd-at tlie 
oircnmrerence, and after it lias expended nenily all ita energy, it passes out at the centre ; this 
isexnctly tbeieverseof tbeaolioQof tbeFoumefroiiturbiiii'. Frofrseoi Kauliine. speaking of the 
TOrtex turbines, said : — " In ever; fortu of turbine a whirling motion is given to the particles of 
" water before tbey begin lo drive the wlieel, and tlie efficiency of the tULbine depends on the 
" completeness with which tliat whirling motion is t.iken away from those particles daring their 
" action upon the wheel. By discharging the water from a, part of the wheel wboae motion is 
" comparatively slow, the practical fulKlmerit of tliat eoodilion is rendered more easy and 
" certain. The action of cenlrifugal force io reguluting the speed is as follows. Should the 
" load be suddenly diminished, and the wheel begin to revolve too fast, the centrifugsJ force of 
" the water wliirliag along with it increases and opposes the entrance of water from the supply 
" chamber; on the other band, should the load be suddenly increased, and the wheel l>egin to 
" revolve too slowly, the centrifugal force of the water whirling along with it diminishes, and 
" allows more water to enter from tbe supplv chamber, and thus sudden variations of the load 
" are prevented from causini; excessive fluctuations of speed, the whirling naler acting as a 
" governor. In ontward-flow turbines, the centrifugal force of tbe whirling water nets in tbe 
" contrary way and tends to increaeo the fiuctuations of speed. In parallel-How turbines, it hatl 
" no sensible action of either kind.'' These turbines can be arranged in such a manner as to 
admit of regulating the quantity of water passing through them, snd in (he list annexed tb« 
price includes adjustable guide lilades, but in situations where a constant supply (of aD iu- 
varialile quantity) can be depended upon, tbe cost is considerably reduced by tbe adoption of 
fixed guide blades. The mode adopted for regulating tbe water supply is such that the passages 
ate always smooth and of a continui>us form, and are free from contractions, thus causing lesa 
vtaste of power tiian regulation by sluicei or vnlves. 

In Figs. 36 and 37, one-half of each view is in section showing the internal arrangementa. 
Tbe water enters through tbe pipe P into the annular chamber c, from whence it ia conducted 
by four guide blades Go into the revolving wheel w, and is discharged at the centre. The 
two snclion pipes, bb, convey it to the tail nice. The revolving wheel w, is keyed 
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on tha main driving shaft d. 

shutting off the natar. The guide 
Iheit angle to be varied bj a — '~ 



eqallibrium valve, T, ia placed In the snpply pipe tot 
blades GO are hinged at their inceT poists, nliich enablee 
of levers actuated by the hand wheel H. As inentionad 
before, tills Rirange- 
ment is orily nacea- 
sarj irbeQ thu poneF 
required varies oon- 
eideiably at diSer- 
ent tiiaes,aDd saving 
mter IS an impDrt* 
ant consideration ; 
but when the power 
required iacnnetant 
the ^nvla blades are 
made fixed. The 
wliecl may bp placed 
at any lieieht le^s 
than 30 ft. above the 
tail race; and the 
full rendered avail- 
able bj the surtion 
pipes, as shown in 
the eiigraviDg, Pig. 
38, illiislrnlea the 
position in which 




this 






times placed, a por- 
tion of the fall being 
obtained l>y rutting 
below the level of 
the mill flour, la 
this caae auction 
pipes are not re- 
quired AA is the 
supply pipe, b the 
wheel ea the driv- 
ing shafi. A slide 
or sluice ia pro- 
vided for closing the 
month of the con- 
duit o (which lends 
to the tail race) 
when it is required 



toe etep is neually 
f rmed of tignam 
vitie, when it ia for 
use nnder water, as 
in tliiB engraving. 
KnirravingH Figa.SS 
and 40 are petspec- 

z ntsl and vertical 
arrangements of tlie 
vnitexinrhine. The 
power frrim the hori- 
turbine ia 



talieii 



by 



bevii - toothed 
wh eU, whilst lliat 
from the vertiral 
one IS oonveyad b7 
a pulley and leathw 
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SCHHID'S PATENT WATEB FBEBBUBE EHGINEB F ^^ 41 show a form of motor which 
caa be emplojei with buj head of water, from (0 ft. to 300 ft. Tbe cylinder is oafilUting, the 
pnaatigea being formed on a carved face struck from the cylinder trunnions. This f»co worhs 
un a 4iorrftt[mnding conoftve face formed in the bed plate, and these faces are kept water-tight by 
the mode of carrying tUe cylinder trunnionB, whirh are hung in ap^i of levers having their ftilcm 
at onu e[id near the craik-ahaft bearings, and connected by a Cross bar at the other end ; a 
bolt passes throngh this cross bar, and gives the required downward pressure (which in 
practice is found lo be very alight), and an indiarubber washer is inserted beneath the nuts on thia 
bolt to admit of easy adjuBtment. An air vessel is provided on the supply pipe to absorb any 
ahnckfl to which the engine might be subjected by sudden varjatioiia in the supply of water. Theae 
engines are simple, having few moving parta (and these not Uable to get out of order), and 
it baa been proved in a competitive trial that they gave a, usefiil effbet of 89 per cent. ; they are 
designed for use vrilh a high-presaure supply, and should not be used with lees than 36 Iba. 
presSDre per square inch. 

It will easily be seen that, by reversin!!: the action. Ibis machine will fbrm au excellent pump, 
the exhanat pipe then becoming the auction and the supply the delivery pipe. 

The subjoined list gives the powers developed at varioua heads. 

Pbicbs, Ac., OF ScBHiu's Wateb ExaiNE. 



Diameter of cylinder .. 

Stroke of „ 

Number of revolutionB per min. 
Qallons of water used per hour 
„ „ discharged as a1 

pump ■■ .. .. ■■/ 

Horse power for a head of 50 ft. 
1. „ ,- 100 „ 



11" 2" I 2}" S" 4" 6" 6" 7" 8" 
2*' 2i" 31" 3i" 5" ei" 7i" 9" 10" Hi" : 
300 276 ! 2a0 200 l.iel 130 112 I 100 96 90 
460 939 152422744200690010260I5000'20922'300e03( 



3!^ 



843 13702046 3; 



.... -451 -85 
.. -6 ■!> 1-7 
■57 1 '9 1-3 2'5 
■75 1 2 1 1'8 3-4 
■95 ( l'5|2^2S4-25 
1^1 ' ]-sl2-7 '5 
£10 £14 £18, £26 '£34 



Packing and delivery nboat JS per cent. 



6210 9234 13500 


IS829 


13 2 


S 


4-2 


2^7 4 


6 


H-4 


4 6 


9 


la^fi 




iy 


lfi-« 


6-9 10 


1,1 


VA 






m 


£44 £54 


£63 


£76 



ENGINES, BOILERS, Etc.— Section i. 




BEHSEirs EOTAST WATER EITOIITE, Fig. 42, ia an extremely simple form of water motor 
with very few moving porta, and these nnt liable to mucli wear. ItconaislaofacaeinK bored out 
to reoeive two piston blnoks, wtitcb give an alternate abutment to each other. The 
pistoDa are cnnnecTed b; spur wheels, the motion of tlie piatona is therefore perfei^Iir uniform 
and cnntinuous in one direction, and no power ia lost in OTcrromitig the inertia of reciprocatine 
pacta, aa in the ordinary engine, nnd a heavy fiy-wheel is not required. Pumpa are constructed 
on a similar principle. See Section 3. 



PmoKB, Aa, OE- Bihbeh's Patent Botart Watee EiratREa, Fig. 


42. 




Diameter of piston 


4" 


6" 


8" 10" 12" 




WidthofpiBton 




*'■ 








573 


382 


2S6 229 ! 191 




„ gallons of water used per hour 


3200 


7700 


14000 21400 .^8000 




Horse power obtained by a fall of 50 ft. 


■7 


17S 


2'8 








1-4 


3-5 








150 n 


225 


5-3 


8-5 


12-75, y2-5 




son „ 


3 


7 


lis 


17 


80 


38 


2'"'0 ,. 


3-75 


9 


14-2 


215 


ay-.-i 


47-5 


,. >. 300 „ 


4-5 107 


17-4 


2.'i-5 


4.'i 


57 


Proe 


£23 5«. £27 

1 


£44 


£52 


£81 


£126 



THEEX-CTURSEB WATEE EHOIHES. FJg. 43. This kind of engine haa been employed 
fbragreat variety of purposes with very goud results, and, liko Iho engines referred to fn the jire- 
Mding pagaa, it possessea many advantages over the steam engine where water power iaavailahle. 
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uapieB less spaoe, requires bnt little Bttenlion, and there is no risk of fire and cooseqaent 
OBB in tbe rata of insumnoe premium, no dele; is caused bj having to get up tieam, the 
full poweroftlieenginemajbe obtained at a raomenl'snotloe, 
and there is nolhiug correB[icmding to tlie loss of fuel, which 
is aufitaiued when the a Lcam engine is do louger required, and 
the fire has to be drawn. These motors are not recommended 
for tiso with lesa pressure than 25 lbs. per square inoli, 
bot they will work at any pressure up to 700 lbs. per 
square iuoh, and are suitable for use in mines for driving 
drums, capstans, opening andoloijng lock gates, &c. With 
pressures below 25 lbs., mora economical resulis will be 
obtained from a turbine or water wheel. 

The engine. Fig. 43, oonaists of three vibrating cylin- 
ders working on a hollow trunnion in whicli are farmed 
the neossory inlet and outlet ports. The three plungers 
with bearings at one end, act upon the crank pins in 
turn, tlins causing the crank ^aft to rotate. The 
wliole is carried in a neat cast-iron frame, and may be 
easily fixed to a timber or other suitable tousda- 



Cn.iHDEB Water Ehsines, Fig. 43. 




Diameter of cylinder 

Length of stroke „ 

Nnmhtr of revolutions pov minnte 
Number of gallons of water used per minnte. 
Horae-power with a pre^^sure ot 100 lbs. 
Approximate weigbt in cuts. . . 

„ measurement in cubic ft. 
Price 



2" - 


21" 


3" 


3i" 


5 


5 


6 




50 


50 


90 


SO 


487 


812 


1565 


2777 


i 


1 


li 


8 




3 




7 


s 


6 




15 


£10 10 






£W 



Packing for shipment and carriage about 5 per cent. 
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LATfCABFIBE BOILEB, Fig. 44, and C0BBI8E BOILEB, Fig. 46. The Lancashiie 
boiler has two flues which converge into a combustion chamber, whiJbt the Cornish boiler, Fig. 
46, has Ubually one flue or tube, aud to that extent tlie latter may be considered a more simple 
construction than the former, but the Lancashire boiler has some advantages, especially where 
great power is required. In large boilers the two flue tubes form good stays for the flat ends ; 
the fire grates can be made of the proportions which give the greatest economy (very lurge 
grate surfaces ha\ ing been proved to be less economical than those of moderate dimensions). 
If the flues are stoked aiteriiati ly a more even temperature is maintained, the heat in one 
furnace is always at its highest when the other is at its lowest, and the two flues converging 
into one combustion chamber, it follows that the gases from the hottest furnace ignite and 
consume the thick smoke from tlie other which is being stoked, so that no unconsumed 
products ought to escape from the chimney in the form of black smoke. 

A raoge of large boilers are often fitted with lifting bridges, a tube connecting the two 
furnaces in the front, and after a furnace has been newly fired, the bridge is lifted by a lever 
in the front of the boiler, and the whole of the smoku is made to pass over the other furnace. 
In all large works there is at least one boiler more than is nece^sarv for daily use, so that any of 
the boilers may be laid off for periodical examination and repair when it is required. 

The quttlity of material is usually be&t Staffordshire plates throughout, excepting in the tube 
over the furnace, the plates there being Low Moor, Farnley, or other approved quality, and 
each boiler id tested by hydraulic pressure to about twice its working ] ressure. 

Dimensions and Pbices of Lancashibb Boilers, Fig. 44. 



Nominal horse-power . • • . • • . 

Length ..^.. •• •• •• •• 

Diameter .. .. •• •• •• •• 

Diameter of each flue • • 

Diameter of dome . • • • • • • • • . 

Height of dome •• 

Price of boiler 

„ „ with mountings 

Approximate weight in tons 

„ measurement in cubic ft 



20 


25 


80 


35 


40 


22' 0" 


25' 0" 


28' 0" 


30' 0" 


85' 0" 


6'0" 


6' 3" 


6' 6" 


TO" 


7'0" 


2' 3" 


2' 4" 


2' 6" 


2' 9" 


2' 9" 


2' 6" 


2 '9" 


S'O" 


8'0" 


3'0" 


3'0" 


3' 0" 


8' 3" 


8' 6" 


3' 6" 


£185 


£210 


£255 


£320 


£420 


£220 


£250 


£300 


£375 


£480 


H 


9i 


11 


14 


171 


1100 


1350 


1750 


2000 


2400 



Dimensions and Pbices of Cornish Boilers, Fig. 46. 



Nominal horse-power 
Length.. .. .. •• 

Diameter .. •• •• 

Diameter of flue .. .. 

Diameter of dome 

Height of dome • • . • 

Price of boiler 

,, „ with fittings . . 

Approximate weight in cwt. 

„ measurement in c. ft. 



3 


4 


6 


8' 6" 


10' 0" 


10' 0" 


3'0" 


3' 3" 


3' 6" 


re" 


1'8" 


1' 10" 


r3" 


re" 


rs" 


l"6" 


re" 


r9" 


£40 


£50 


£55 


£f>5 


£65 


£70 


27 


83 


36 


110 


150 


190 



8 10 
12' 0" 14' 0" 
4'0" 4' 3" 
2' 0", 2' 8" 
2'0" 2'0" 
2' 3" 2' 3" 
£65 i £75 
£85 £100 



45 
300 



55 
400 



12 

15' 0" 
4' 9"| 
2' 6" 
2'0" 
2' 3" 
£85 

£115 
65 
500 



16 20 

20' 0" 22' 0" 

6'0"i 5' 3" 



8'0" 
2' 3" 
2' 6" 



2' 9" 

2'0" 

2' 3" 
£125 £155 
£160 £195 

100 I 125 

750 900 





The OALLOWAY TUBE, Fig. 45, serves the double purpose of 
strengthening the flue, and increasing both tlie rapidity of circulation 
and the heating surface. The diameter of the tube just under the top 
flange being greater than the diameter of the other end, induces the 
more rapid circulation of the water and at the same time renders them 
easy of application to existing boilers. The prices of the tubes 
are as follows : — 

Not exceeding 2' 6" long, £1 15 each. 

3'0" „ £2 

3' 6" „ £2 5 

4' 0" „ £2 10 









»» 



•» 



The cost of tubes with rivet -holes punched is 2$. per tube extra. 

The exact internal and external diameter of the flue to be fitted, 
and the number of tubes, or the length of the flue, and a sketch 
showing the length of each plate in the flue, should be furnished when 
tubes are required to be fitted to an existing boiler. 



Fig. 45. 
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The BOILER FITTI1I6B are clearly abown iuFig. 46,wbicli represents two ofa range of Contisli 
boilers built for the locamotive ijiops of otie of the Indiaa etate lailwaya. The mountings 
are such as are uanully supplied by tlie Authors, and are of the kind riiCommeDdeil )'y the 
boiler inourjnce societies. Tliey consiat of furnace front with ventilator, grate bnre, bLnrera, 
dead plate and damper, man-hole end mud-hole with rover and bridge, stop valve, tafety 
valve, fceil valve, gunge cocks, glass water gauge, Bonrilon'o or other tbteam-pregaure cause, 
blow-otf cock, and fusible plug ia the crown of each tube. These builers were also fltled with 
a hijfh and low wuter indicator. 



EOO-ERD B0ILIS8. The egg-end boiler is nndonbtedly the simplest foim now em- 
ployed, but it is by no meiins economicnl in consamption of fuel in proportion to the st«am 
generated, and should only be used where the water is foul, or where fuel ia extremely 
cheap, or at iron or other works where the heat from furnaces can be utilised for the 
productiiin of steam. Under such conditions the low first cost of egg-end boilers, tlie fttcility 
for oleauing and consequent long life are good reasons In favour of their adoption. Boilers OC 
the larger eizes have ttie loufifitudinal seanis double tivetted, and they are usually made with 
semispberical ends, but dichtd enda can be need if the larger sixes huve longitudinal or gnaset 
Blays, or both. No domes are included in the iiet price, but these wiU be added, or any other 
alteration in detail if de*ired. The cost of fittings will not vary much from those given for 
le- powers for Cornish boilers; the separate ooat of any single fitting or mounting 



will be found in Section 7. 


















Pbiok. 4o., 0? BCIG-END BOILBBS. 


Nominal horse-power . . . . | 3 1 4 


. 1 , 


H 


9 1 12 


Ifl 


EO 


Leuglh 10'0''11'0' 


I4'0"14'0' 


IB'O 


20'0"24'0' 


m- a- 


28' 0" 


Diameter 


3'0" 3'0" 


a'B" 




40' 0" 


4'0'' 




VH- 


5' 9" 




22 25 


m 


35 


10 


50 


KO 


75 


KIO 




90 100 


17.1 


225 


2fiO 




330 


570 


1000 


Prioe of boiler (without done) . . 


£25 £28 


£35 


*;io 


£45 


£55 


■£10 


£K5 


£110 




HOEm)HTAI SEin-inTtTITUBITLAS BOILER, Fig. 47. The outer shell and internal Sue 
are cylindrical and the ends flat ; the front pnrt of tlie flue is arranged with a fire-grate, like 
that for a Comiah boaer, a Inbe plate is fixed in the fine at a ehort diht ince behind the fuma-e, 
and a number of wrought-iron (or brass) lubeB pass from this to the back of the boiler. It has 
beea ascertmncd by experiment that the first few inches of the tubes in any multifubnlar 
boder are as valuable for the production of steam as the whole of the remainder, and when it 
IS also remeiobered that the kmger the tubes, the greater the difficulty in maimaining the 
';«J>"™1 draught, it will be eaiily realised that the cmparative shortness of the tub. s in IJie 
boiler (Fig. 47) is by no means a defect, but that very economical results may be obtained from 
its employment 
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PWOEB. Ac.. Of PaTEMT HORIZOJtTAL SEMI-inil.TITDBULAB BOILEM, Fig. 47 




Nominal borse-poner 


e ! . h. 


2 


14 


16 1 20 


25 1 30 




[0- 0" 13' 0" 14' 6" 


14' 81" 




19' 0" 22' 0" 


25' il" , 2ti' 6" 


Diftmeter 


4' 3 " 4' i" 4' 8" 




5' 8" 


5'8"i 6' 2" 


6' 4" 6' 0" 




2'r 1 2' 5" 1 2' 8" 




3'0" 


3' 2" 


8' 6" 


S' 6" 2-2' 6" 


„ o[ tubes . . 


2|" 2i" ! 2i" 


af 


2|" 


^i" 


2f" 




2i" 




24 ] 28 ■ M 










CO 




Ptioa of boiler.. 


£S5 '£109 flvS 




£172 


£167 








„ and Sltinga 


£100 , £l2ti £147 


£171 


£200 


£226 


i279 


£336 


£100 


mt^ntincubicft. ../ 


180 245 ^ 320 


410 


470 


630 


850 


1000 


1120 



The Httinga include wiouBlit-iroii maa 
furnace front null fire door, dpad plate, beart 
TBlve and stop valve, internal collcrtiiiz nil: 
pressure gauge and gun-m 



pinned on thtrii BorfaceB, 
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results. Ill a carefbl set of expeiimeata made by Hr. T. I!ox on a 40 horso-power boilei 
of this type, it woa found tbat 1 lb. of Welsh coal evapuroted US lbs. of water : 1 lb. of 
Newcastle coal 10 lbs., and that inferior coal evaporated S'4 times its wuight of water. The 
flre grate is iodependent of the boiler, and can rekdilj be enlarged to bnm mwduat or other 
refuse, EUld for this reason many of these boilers are employed by aaw-inill propriatora, Ao. They 
occupy only a third of the floor apace required by Lsncashire boilers of equal power, and the 
arraagemeut is such that they are easily cleantMl; and their durability is remarkable, DiaDy 




••e*a*« ••••••• 

\«»««**« ••••••• / 

•••••• / 

•••••• 




i'ig. *0. Croi) Section 
having been worked for upwards of ten years nithont requ ring any repairs. Small bulk is 
often a feature of mudi importance, eBpei'ially when, boilers are tttquired for shipment and 
transport by land. Their safety in use is proved bv the fact, that although some liundreda are 
at work, not a single accident has yet occurred. Iho coat is somewhat greater than tiiat of the 
boilers previously referred to, but it must not be forgotten that the; occupy less apace, and 
that less brickwork is required for setting. 



Pbiom, 4o., 


r Patent Mci.titdbci»B Boilbb, Fige 


48 and 49. 




Length 

Price of boUer and fittings 


. . 12 16 
.. 4' 6" 5'0" 
.. ffO" 8'n" 


20 25 SO 40 
5' 6" Is- 6" I 6' 0" 6-6" 
IO'0",1I'0"12'0"13'0' 
£285 £3I5|£a60£445 


50 1 60 
7'0"T0" 
14'0"|15'0' 
£520 £580 


BO 100 

7"6" 8'0" 
16'0"17'0" 
£650 830 
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tton dead plate, bearer, andfamoce ban, back MDtdoOT, straight mnobe boi (3 ft. long) to 1cai] 
into cbimae; Que fitted iritb Boot door and damper with weidit and cbain, also double safety 
valve, stop valve, water gauge, gauge gtasseB, gauge oooha, feed valve, blovr-off valve, aod patent 
steam-pressure gauge. 




Fig. 50. 



LOCOKOTITB IfULTITUBDLAB BOILEE, Fig. SO. ThlB class of boiler is used aintoat 
nniveieally for looomotive, portable, and semipoitable engines, the oomparitive immnaity from 
accidents under the high prcBsuies with wliich they are habitually worked, and the economical 
l«Biilta obtained are well known. The boiler re^ on two oastingB, that under tlie fire-box 
forming an ash-pan, fitted with a door in &ont, by which tbe quantity of air admitted beneath 
the firebars can oe r^ulated ; the other supports the smoke-bos, and is used bb b. water tank. 

DlMBHSlOBB AND PBIOM OF LOOOMOTIVB McLTITtlBOIAK BOILBBS, Fig. 50. 



Nominal horsB-power 




It 


4 


., 1 » 


7 


a 


9 


10 


■Wiifth .. 












4' 4" 


4' 4" 








r Ill- 


2' 9" 2'IU" 


is'iM' 




3' li" 


»'5* 












2' 4" 






















2' 5" 


2' 7" 


2' 7" 




Length oTbarrel .. 






s' s" 


5'G" 


5' 6" 


6'0" 


6' 4" 


6' 8" 


6'8" 








19 


23 


23 


25 








Diameter of tubes 




a*" 




Mi" 


2V' 








2i" 


Price of boiler only 








£63 




£77 




£89 




Price of boiler and flttioga, in-1 


£60 


£71 


£78 


£87 


£M 


£100 


£107 


£118 




in cubic ft. 


50 


70 


85 


100 


105 


120 


125 


145 


Approximate weight i. 


n cwt. .. 


i6i 


18 


23 




29 


82 


35 


40 






















12 


14 


IG 


18' 


20 


25 


30 


Height of fire 1^01.. 
Width 






4' 9" 




5' 2" 


5' 8" 


5' 9" 


6'0" 








8' Si" 


3' li" 


3'H" 


S' 11" 


S- 11" 


4' 2 


4' 4" 


Length 












3' 9" 


4'1" 


4'0" 


4' 8" 


Diameter of barrel 






2' 10" 


3' Of" 


X 4f " 


v^ft^■ 


a-Tor 


VJ: 


4' Si 








rr 






R'Of 






Number of tnbes .. 










41 






GO 


70 


Diameter of tubes 






■if 


2f' 


^" 


2A" 






■4" 


Price of boiler only 
















£234 




Price of boiler and 
oah-pan and tank 

Approximate men sure 


fittings, ind 


ndmgl 


£129 


£158 


£181 


£320 


£252 


£31S 


£365 


meat in cu 


it feet 


1.15 


165 


200 


270 


285 


310 


320 






45 


50 




74 


60 


90 


100 



i valve, glasa water gauge, gauge couks, 
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Boilers of tliis oonatrnction are frequeDtly mounted on wood or wronght-iron wheels, as 
sliown ia Fig. 51. These wheels are adapted for hot or cold climates (especiall; the former. 




Prioes of LoooMOTint MoLTTTCBnuB Boilkss, mounted oa in F 



Nominal horse-power 

Price of boiler and fittings I 
mounted on wrougbt-iron > 
wheels I 



8 9 10 12 
107116122134114 



I I I 



The dimensions and weights are very nearly the si; 



le those given for Fig. 50. 



VBBTIC&L BORERB, Fig. S 
bricliwark setting, which causes a great saving ii 

include the multitubular, hanging-tube, and cross-tabe boiler. Becent improvements in ine 
process of working platea admit of the shells and fiie-bozea being made without any longitudiDol 
rivetled joints, which produoes an exceptionally neat appearance, is convenient for fixing the 
mountings, and adds greatly to their strength, owing to the perfectly cylindrical form which is 
thus obtuned ; the grooTiDg and corrosion, which invariably first takes place at the longiindlnal 
joints of boilers, id also avoided. These remarks refer to boOera of moderate size. 

In the TZBTICAL XULTITUBULAE BOHEBB the water ciroalatee round the tabes whilst 
the gases and other products of combustion pass from the fiie-boi through the small tnlaes ta 
the smoke-box and from thence to the chimney. 

The EAHOIVO-TUBB BOHESS have annmberofwat''r tubes, solid at the lower end, fixed 
in the crown of tie flre-hox. The products of combustion, liaving been made to drcolate 
amongst these tubes by means of a baffle plate, pass to the chimney through a straight central 
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exterior, and are then conducted by a straight flue tube to the chimney. All these boilers give 
good results ; the two first named naturally effect greater economy in fuel, but the cross-tube 
boilers possess the advantage of greater simplicity of construction, and consequent facility for 
cleaning, rendering them peculiarly suitable for employment where only bad water can be 
obtained; and numbers of them have been employ^ with extremely satisfactory results for 
supplying steam to cranes, travellers, small winding and pumping engines, &c. 

All of the boilers in the following list are of the best materials and workmanship, the shells 
being of best Staffordshire plates, and tube plates and fire-box crowns of Low Moor, Famley, or 
equal quality, and are fitted with safety valve and Salter's patent spring balance, water gauge, 
gauge cocks, and blow-off cock, man-hole cover and bridges, mud-hole covers, fire-bars, fire-door, 
sliort chimney, &<\ 



Dimensions and Prices of Vebtioal Multitubulab Boilebs. 



Nominal horse-power 

Diameter of shell .. 

Height of shell 

Diameter of fire-box 

Height of fire-box .. 

Number of tubes . . 

Diameter of tubes . . 

Price of boiler 

of boiler and fittings 

extra for felting and lagging 

Approximate weight in cwt. 
measurement 



»» 



»» 



>» 



cubic ft. 



"■■} 



2 

2' 6" 

5' 6" 

2' 0" 

1' 10" 

12 

2J" 

£28 

£36 

£8 

14 

50 



4 

2' 9" 

6' 0" 

2' 3" 

2' 0" 

20 

2i" 

£35 

£45 

£10 

16 

60 



6 
3' 0" 
T 0" 
2' 6" 
2' 6" 

24 

2§" 
£45 
£57 
£12 

20 

85 



8 

3' 6" 

r 0" 

3' 0" 

2' 6" 

28 

2i" 

£50 

£65 

£15 

24 

110 



10 

4' 0" 

8' 0" 

3' 6" 

4' 0" 

36 

3" 

£80 

£98 

£20 

40 

170 



12 

4' 3" 
9'0" 
3' 9" 
4' 6" 

40 

3" 
£100 
£120 

£25 

48 

200 



Vebtioal Hanging-Tube Boilebs. 



• 

Nominal horse-power 




2 


4 


6 


8 


10 


12 


Diameter of shell . . 




2' 6" 


2' 9" 


3' 0" 


8' 6" 


4' 0" 


4' 3" 


Height of shell . . , . 




6' 6" 


6' 0'^ 


r 0" 


7' 0" 


8' 0" 


9'0" 


Diameter of fire-box 




2' 0" 


2' 3" 


2' 6" 


3' 0" 


3' 6" 


3' 9" 


Height of fire-box .. 




2' 6" 


2' 11" 


3' 6" 


3' 6" 


4' 3" 


4' 6" 


Number of hanging tubes ' 




12 


20 


24 


28 


36 


40 


Diameter of tubes . . 




2i" 


2J" 


2J" 


2i" 


3" 


3" 


Price of boiler 




£25 


£30 


£38 


£45 


£70 


£85 


„ of boiler and fittings 




£33 


£40 


£50 


£60 


£88 


£105 


„ extra for felting and lagging 


£8 


£10 


£12 


£15 


£20 


£25 


Approximate weight in cwt. 


• • 


14 


16 


20 


24 


40 


48 


„ measurement 
cubic ft. 


'".} 


50 


60 


85 


110 


170 


20O 



Vebtioal Oboss-Tubb Boilers. 



Nominal horse-power 

Diameter of shell .. 

Height of shell 

Diameter of fire-box 

Height of fire-box . . 

Number of cross tubes 

Diameter of tubes .. 

Price of boiler 

of boiler and fittings 

extra for felting and lagging 

Approximate weight in cwt. 
measurement 



»> 



>» 



»» 



cubic ft 



-.i 



2 

2' 6" 
5' 6" 
2' 0" 
2' 6" 
1 

6" 

£25 

£33 

£8 

14 

50 



4 
2' 9" 
6' 0" 
2' 3" 
2' 11" 
1 

6" 

£30 

£40 

£10 

16 

60 



3' 0" 

r 0" 

2' 6" 

3' 6" 

2 

6" 

£38 

£.')0 

£12 

20 

85 



8 
3' t>" 

r 0" 

3' 0" 

3' 6" 

2 

6" 

£45 

£60 

£15 

24 

110 



10 

4' 0" 

8' 0" 

3' 6" 

4' 3" 

2 

8" 

£70 

£88 

£20 

40 

170 



12 

4' 3" 

9'0" 

3' 9" 

4' 6" 

3 

8" 

£85 

£105 

£25 

48 

200 
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APFUBBT AKD CO&BES FATEITT BOUEE, Fig. 53, gives b. maiimom heating snrfaee 
with a minimiuD weiglit and bulk, and eiperieQce has «hown that it is at least equal to any 
boilcT of tbat type ic efficiencj and duiebility, and is anperioi to most of thorn. The upper and 
h>wer portioDa of the ehell are connected by ilanged joints bolted together, and the nptake ia 
Bccuied to the crown plate in a Bimilar mauaef. The lower part of the fire doi is circular, but 
above the fire door it is worked into a square form to receive a muare upper hoi. into which 
ate fitted any namber of either parallel or taper tabes, and of such diameter aa na; be most 
anitable for the aize of the boiler and the lieating Burfuoe required. 

BTAT-TDBZ B0II2B. Another modification of this Patent oonrste in making the oater 
shell square up to the crown of the Hre ixix. IJoies are drilled in ttie fire-box alicll opprsile to 
eBeh tube ; these holes being slightly larger in diameter than the tuhts, the slays for the outer 
ahell paisa through the centre of tach water lube, and each staj is fitted with a solid ended 
faraas oat with a conical face, which impinges on the drilled hole in the fire-box. This forms a 
steam-tight joint without any cement or packing, and the oat and etay oan be removed as often 
as may be necessary for the purpose of cleaning the tubes with a scraper, or for replacing a 
defective tube, without takinic the boiler apart ; the upper portion of the boiler is cylindrical, 
and the fianged bolted joint ahjve referred to, and ahowu in fig, 53, is dispensed with. 
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0A8 BOILEBS. The nse of gas for generating steam is a subject which has received 
considerable attention, and is now successfully carried out in mauy places. The boilers are 
generally (though by no means necessarily) of the vertical type, and have either a large 
number of vertical smoke-tubes or water-tubes across the fire-box. Appleby's Patent Boiler, 
described at p. 63, is very suitable for the purpose. Gas, as a fuel, has several advantages 
over coal, coke, &c., viz. : — ^No stowage room is required on the premises ; it can be lighted and 
turned on to full pressure at a moment's notice ; it can be regulated so as to keep the boiler at 
an almost uniform temperature, does not require the continual attention of a man, can be 
turned off immediately steam is no longer required, or it can be turned down and safely leffc, so 
as just to keep steam up ready for starting again. It is, however, a somewhat expensive fuel, 
and can certainly not oe recommended for large boilers, or where coal is cheap, or a large 
quantity of wood or refuse can be employed. There is, however, this very important considera- 
tion, that, where a gas boiler is used, the insurance offices do not require the additional premium 
which is charged if an ordinary steam boiler is fixed in the premises. The saving in this item 
alone will go very far towards covering the extra cost in first outlay and working expenses, 
even where the steam has to be constantly kept up ; but if the power required is small, or the 
work intermittent, the extia premium on a valuable stock will probably be far more than 
is charged for the whole of the gas consumed. 

The cost of gas boilers, constructed to work with great economy, including burners and all 
fittings, is — 



Horse-power 
Price .. 



£80 



£100 



£120 



MABimS BOILEBS. The limited space available in vessels almost invariably involves the 
use of specially-designed boilers, and hence there is great variety in form; bat the plain 
cylindrical boiler with return smoke tubes, as shown in the steam-tug, Fig. 28, is the typo 
generally employed, and is, therefore, referred to in the accompanying Price lost. This form 
of boiler occupies but small space, has a large heating surface, and being cylindrical, great 
strqngth is obtained without the introduction of the complicated stays required in most of the 
boilers which are specially designed with a view of economising room. 

Prices of Gylindbical Mabine Boilebs. 



Nominal horse-power 




6 


8 


10 


12 


15 


20 


Diaineter of boiler . . 




4' 3" 


4' 6" 


5' 0" 


5' 3" 


5' 6" 


5' 9" 


Length of boiler . . 




6' 6" 


6' 0" 


6' 6" 


7'0" 


r 0" 


8' 0" 


Diameter of grate fine 




2; 3" 


2' 4" 


2' 6" 


2' 9" 


2' 9" 


3' 0" 


„ of return tubes .. 




2J" 


2i" 


2J" 


2i" 


2J" 


2f" 


Number of return tubes . . 




30 


36 


42 


48 


50 


50 


Diameter of dome . . 




1' 6" 


2' 0" 


2' 0" 


2' 0" 


2' 0" 


2' 3" 


Height of dome 




1' 6" 


2' 0" 


2' 0" 


2' 0" 


2' 0" 


2' 3" 


Price of boiler with smoke-box| 
and chimney . . * . . . / 


£100 


£120 


£135 


£150 


£175 


£225 


Price of boiler and fittings 


• • 


£115 


£138 


£155 


£175 


£200 


£250 


Approximate weight in cwt. 


*• 


32 


48 


56 


66 


75 


85 


„ measurement 
cubic ft. 


"} 


100 


120 


165 


190 


210 


270 



The fittings included in the second price, in addition to furnace work, are safety valve with 
Salter's spring balance, glass water-gauge, gauge cocks, blow-off cock, scum cock, steam- 
pressure gauge, and fusible plug. The measurements are given exclusive of dome. 



FUEL-FEEDIKO AFPABATTTS, or STEAK STOKEB, Fig. 54. The advantages of an 
uniform admission of fuel to the furnaces of boilers (instead of the more usual plan of feeding 
at irregular intervals) are so obvious that it is not surprising so many attempts have been 
made to introduce mechanical stokers. Amongst the earliest was that known as Jucke's, in 
in which the fuel is placed on an endless chain tarried by two rollers driven by the engine. 
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This endteea chniii fortna the Qrc-bars, nnd moTes so bIowIj that the nnbnnil fuel placed on it 
at the furnace mouth ii deliveied at Uis back of the furnaoe in the form of ashea and olinken. 
The lollen and cbain are carried on a sort of 
trolly, BO that (ho whole can be drawn ont when 
necessary, and the famace u made adju^blo to 
regulate the supplv of fuel. Man^of tiieso are Btill 
in lue, but Jncke e furDB<» new has many com- 
petitora, and Henden^on's Mcchanioul Stoker, Fig. 
54. is one of the ninat Buccesaful. In this apparatus 
a hopper is placed over the flie door, into which 
the fuel is put, niid from which it is gradually fed 
into the furnace by Butomatic gear driven Cianx the 
engine. The prices of these stokers range from 
£55 to £70. according to Biie. 

EEHSEESOirS FATZFT KOTABLE USX- 
BABS are also UBeful in redochig the amount of 
aah made, and are north 15i. Gc{.per cwt., including 
all the furnace work connected Ifiurewith. 

SELF-ACnHQ SAHFEBB. The regnlntion of 

the quantity of air admitted to a boiler furnace 
is a very imporlant point, and as firwien do not 
always attend to the ordinary dampers, several 
si-lf-adjosting dampers have beeu employed with 
excellent resnlls. That illustrated in Fig, S.'i is a good example. In this damper the opening 
is regulated by the steam presmite in the boiler, and itcanbeat^usted tosuit the required pressure 





by shifting the balance Imll, Thorn is a small stop which prevents the dam^r from closing 
rntlreiy, sn thnt the siiinke always Iuiei free exit. The price of these dampers is £19 each, and 
tlioy are made to suit the dimensions of the flue to which they are intended to be applied. 

BKOKE-COHSinilBQ AFPABATTIS. The number of methoda proposed for consnming 
smoke is so great that it would be impossible even to enumerate them here; it may not, however, 
be ont of place to mention a few of tho principal ones. Fapin propoi>ed to make the smoke 
descend through the Urc, the necess'ry draught beiiig obtiUned by a blower, and althoagh this 
idea is excellent in tlicory. it hae been found impracticable. Tho plan adopted by Watt was to 
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Eloce a wide deed'^ilate between the furnace doora Kitd the fire ban, and on it coke the cosi 
sfore burning it. lu this method the smoke and gaaea evolved from the &eah coal is con- 
Bamed whilst passing' over the incandescent mass of fuel at tbo back of the furnace, and 
it ig ao simple and eSeotive that, by carefully placing the Iresh coal in tlio front part of the 
fire grate and leafing it there to coke, any ordinary furnace may be made to work very nearly 
smokelesaly. Many aaheaua for smoke-coneuming have been designed on the principle of 
introducing a quantity of air abrme Ihe fire-bjrs sufficient io ensure the combustion of the 
smoke, &o., but it has generally been found too diffloult to regulate the supply of air, as when 
the furnace receives a fresh charge of ooal, a latter quantity of air is required than at other 
times; it, however, a mechanical stoker (such as Hooderson'ti. Fig. 51) iaused, the admisaion of 
air through the ventilators in the fire door oan be accurately regulated ; and it should not be 
forgotten that in consuming smoke we not only get rid of a nuiaancei but obtain a marked 
sanog of fuel. Prideaux'sfire doors, lo which the air enters through a number of Veaetiau 
lattices, and is warmed by contact with metal pliitcs before reaching the furnace, have givaa 
good results. 

PEED-WATES HEATEB. AmoDKst the Tarious oontrivauoes for economising fuel, none 
have better attained their object than feed-water heaterd. The kind shown in the eagraviiig 
of the horizontal condensing engine. Fig. 3, have been applied to many en^nea with very 
satisfactory results. The heater consists of a cylindrical casing having a separate cliamber at 
each end : the two chambers are connected by a number of small tubes through which tue waler 
is forced, and whilst traversing tbem, it lakes up a certain portion of heat from the exhaust 
steam which circulates outside the tubes. 

Another good form of feed-water heater is 
that shown in Fig. 56, consisting of a cast-iron 
cylindrical casing dirided up by a llumber of 
diBOa and diaplua^ms. The exhaust steam ia 
caused lo circulate iniide these diaphragms, wliilst 
the feed water traversea the oatiide, the latter 
naturally absorbing a groat deal of heat from the 
former. A small pipe is shown at the Iwttom for 
carrying off such of the steam as may be con- 
densed. The outside of the casting is felled and 
lagged with mahogany, which gives it a neat 
eppearanoe, and adds to its efficiency. It is 
sometimes urged against water heaters that Uiey 
soon get choked with deposit when the water used 
is at all foul, but it should not be forgotten that 
all the sediment wonld have settled in the imiler 
if itt>ad,notbeea arrested in the heater, and that it 
is a comparatively easy mutter to dean the 
heaters. 
Fig W 
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or Afflebi 


s Feed-Wateb Heater. 
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Price ofsnitable water heater .. 
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Prices; ka., of Water Heateb 
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Price of Buitable water heater 


£lfi 


£18 £20 


£22 


£25 £29 


£33 £38 £45 


W5 


Height of suitable water heater .. 


'iv 


29" , 28" 


•M" 


30" , 86" 


3fi" 


42". 42" 


51" 














•/A" 




!10" 


Diameter of Btaam inlet 


w 


»■■ 


8V' 


4" 












fi+ 


7* 


m 






Ifit 




»7 


I, roeasorement in cubio fL . . 










3^ SC 




43 51 


5«l 



Extra for felting and lagging about 2} por cent 
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USEFUL TABLES and MEMOEANDA EELATING to PRIME MOVEES. 



AREAS AND CIBCUMFERENCES OF CIBOLES ADVANCING BY 

EIGHTHS OF AN INCH. 



AKRAR. 


CiKC(JMF£RENCRS. 


Diam. 





i 


i 


f 


i 


i 


.4417 


1 







h 


i 


f 


1.570 


« 


« 


1 


Diam. 





.0000 


.0122 


•04S0 


.1104 


.1963 


.3068 


.6013 





.0 


.3927 


.7854 


1.178 


1.963 


2.356 < 


2.748 





1 


.7864 


.9940 


1.227 


1.484 


1.767 


2-073 


2.405 


2.761 


1 ; 


3.141: 


3.534, 


3.927 


4.319' 


1.712 


S.105 


5.497 


K.890 


1 


2 


3.141 . 


3.546 


3.976 


4.430 


4.908 


5.411 


5.939 


6.491 


2 


B.283( 


B.675 


7.068 


7.461 


K854 


B.246 


8.639 


B.032 


2 


3 


7.068 


7 669 


8.295 


8.946 


9.621 


10.32 


11.04 


11.79 


3 


».424 


».817 


10.21 


10.60 


10.99 


11.38 


11.78 


12.17 


3 


4 


12.76 


13.36 


14.18 


15.03 


15.9(1 


16.80 


17.72 


18.76 


4 


12.6612.95 


13.35 


13.74 


14.13 


14.52 14.92 


15.31 


4 


5 


19.63 


20.62 


21.64 


22.69 


23.75 


24.85 


25.96 


27.10 


5 


15.70 


16.10 


16.49 


16.88 


17.27 


17.67 18.06 


18.45 


5 


6 


28.27 


29.46 


30.67 


31.91 


33.18 


34.47 


35.78 


37.12 


6 


18.88 


19.24 


19.63 


20.02 


20.42 


20.81 


21.20 


21.59 


6 


1 


38.48 


39.87 


41.28 


42.71 


44.17 


45.66 


47.17 


48.70 


7 


21.99 


22.38 


22.77 


23'. 16 


23.56 


23.95 


24.34 


24.78 


7 


8 


50.26 


51.84 


53.45 


55.08 


56.74 


58.42 


60.13 


61.86 


8 


25.13 


25.52 


25.91 


26.31 


26.70 


27.09 


27.48 


27.88 


8 


9 


63.61 


65.39 


67.20 


69.02 


70.88 


72.75 


74.76 


76.58 


9 


28.27 


28.66 


29.05 


29.45 


29.84 


30.23 


30.63 


31.02 


9 


10 


78.54 


80.51 


82.51 


84.54 


86.59 


88.66 


90.76 


92.88 


10 


31.41 


31.80 


32.20 


32.59 


32.98 


33.37 


33.77 


34.16 


10 


11 


95.03 


97.20 


99.40 


101.6 


103.8 


106.1 


108.4 


110.7 


n 


34.55 


34.95 


35.34 


35.73 


36.12 


36.52 


36.91 


37.30 


11 


12 


113.0 


115.4 


117.8 


120.2 


122.7 


125.1 


127.6 


130.1 


12 


37.69 


38.09 


38.48 


38.87 


39.27 


39.66 


40.05 


40.44 


12 


13 


132.7 


135.2 


137.8 


140.5 


143.1 


145.8 


148.4 


151.2 


13 


40.84 


41.23 


41.62 


42.01 


42.41 


42.80 


43.19 


43.58 


13 


14 


153.9 


156.6 


159.4 


162.2 


165.1 


167.9 


170.8 


173.7 


14 


43.98 


44.35 


44.76 45.16 


45.55 


46.94 


46.33 


46.73 


14 


15 


176.7 


179.6 


182.6 


185.6 


188.6 


191.7 


194.8 


197.9 


15 


47.12 


47.51 


47.90 48.30 


48.59 


49.08 


49.48 


49.87 


15 


16 


201.0 


204.2 


207.3 


210.5 


213.8 


217.0 


220.3 


223.6 


16 


50.26 


50.65 


51.05 


51.44 


51.83 


52.22 


62.62 


53.01 


16 


17 


226.9 


230.3 


233.7 


237.1 


340.5 


343.9 


247.4 


250.9 


17 


53.40 


53.79 


54.19 


54.58 


54.97 


55.37 


55.76 


66.15 


17 


18 


254.4 


258.0 


261.5 


265.1 


268.8 


272.4 


276.1 


279.8 


18 


66.54 


56.94 


57.33 


57.72 


58.11 


58.51 


58.90 


59.29 


18 


19 


283.5 


287.2 


291.0 


294.8 


298.6 


302.4 


306.3 


310.2 


19 


59.69 


60.08 


60.47 


60.86 


61.26 


61.65 


62.04 


62.43 


19 


20 


314.1 


318.1 


322.0 


326.0 


330.0 


334.1 


338.1 


342.2 


20 


62.83 


63.22 


63.61 


64.01 


64.40 


64.79 


65.18 


65.58 


20 


21 


346.3 


350.4 


354.6 


358.8 


363.0 


367.2 


371.5 


375.8 


21 


65.97 


66.36 


66.75 


67*15 


67.54 


67.93 


68.32 


68.72 


21 


22 


380.1 


384.4 


388.8 


393.2 


397.6 


402.0 


406.4 


410.9 


22 


69.11 


69.60 


69.90 


70.29 


70.68 


71.07 


71.47 


71.86 


22 


23 


415.4 


420.0 


424.5 


429.1 


433.7 


438.3 


443.0 


447.6 


23 


72.25 


72.64 


73.04 


73.43 


73.82 


74.22 


74.61 


75.00 


23 


24 


452.3 


457.1 


461.8 


466.6 


471.4 


476.2 


481.1 


485.9 


24 


75.39 


75.79 


76.18 


76.57 


76.96 


77.36 


77.75 


78.14 


24 


25 


490.8 


495.7 


500.7 


505.7 


510.7 


515.7 


520.7 


525.8 


25 


78.54 


78.93 


79.32 


79.71 


80.10 


80.50 


80.89 


81.28 


25 


26 


530.9 


536.0 


541.1 


546.3 


551.5 


556.7 


562.0 


567.2 


26 


81.68 


82.07 


82.46 


82.85 


83.25 


83.64 


84.03 


84.43 


26 


27 


Q72.5 


577.8 


583.2 


588.5 


593.9 


599.3 


604.8 


610.2 


27 


84.82 


85.21 


85.60 


86.00 


86.39 


86.78 


86.17 


87.57 


27 


28 


615.7 


621.2 


625.7 


632.3 


637.9 


643.5 


649.1 


654.8 


28 


87.96 


88.35 


88.75 


89.14 


89.53 


89.92 


90.32 


90.71 


28 


29 


660.5 


666.2 


671.9 


677.7 


683.4 


689.2 


695.1 


700.9 


29 


91.10 


91.49 


91.89 


92.28 


92.67 


93.06 


93.46 


93.85 


29 


30 


706.8 


712.7 


718.6 


724.6 


730.6 


736.6 


742.6 


748.6 


30 


94.24 


94.64 


95.03 


95.42 


95.81 


96.21 


96.60 


96.99 


30 


31 


764.8 


760.8 


767.0 


773.1 


779.3 


785.5 


791.7 


798.0 


81 


97.39 


97.78 


98.17 


98.56 


98.96 


99.35 


99.74 


100.1 


31 


32 


804.2 


810.6 


816.9 


823.2 


829.6 


M36.0 


842.4 


848.8 


32 


100.5 


100.9 


101.3 


101.7 


102.1 


102.5 


102.9 


103.3 


32 


33 


855.3 


861.8 


868.3 


874. 8 


881.4 


888.0 


894.6 


901.3 


33 


103.7 


104.1 


104.5 


104.9 


105.2 


105.6 


106.0 


106.4 


33 


34 


907.9 


914.6 


921.3 


928.1 


934.8 


941.6 


948.4 


955.3 


34 


106.8 


107.2 


107.6 


108.0 


108.4 


108.8 


109.2 


109.6 


34 


35 


962.1 


969.0 


975.9 


982.8 


989.8 


996.8 


1003 


1010 


35 


110.0 


110.3 


110.7 


111.1 


111.5 


111.9 


112.3 


112.7 


35 


36 


1017 


1026 


1032 


1039 


1046 


1053 


1060 


1068 


36 


113.1 


113.5 


113.9 


114.3 


114.7 


115.1 


115.5 


115.8 


36 


37 


1075 


1082 


1089 


1097 


1104 


nil 


1119 


1126 


37 


116.2 


116.6 


117.0 


117.4 


117.8 


118.2 


118.6 


119.0 


37 


34 


1134 


1141 


1149 


1156 


1164 


1171 


1179 


1186 


38 


119.4 


119.8 


120.2 


120.6 


121.0 


121.3 


121.7 


122.1 


38 


39 


1194 


1202 


1210 


1217 


1225 


1233 


1241 


1248 


39 


122 5 


122.9 


123.3 


123.7 


124.1 


124.5 


124.9 


125.3 


39 


40 


1256 


1264 


1212 


1280 


1288 


1296 


1304 


1312 


40 


125.7 


126.1 


126.4 


126.8 


127.2 


127.6 


128.0 


128.4 


40 


41 


1320 


1328 


1336 


1344 


1352 


1360 


1369 


1377 


41 


128.8 


129.2 


129.6 


130.0 


130.4 


130.8 


131.2 


131.6 


41 


42 


1385 


1393 


1402 


1410 


1418 


1427 


1435 


1443 


42 


131.9 


132.3 


132.7 


133.1 


133.5 


133.9 


134.3 


134.7 


42 


43 


1452 


1460 


1469 


1477 


1486 


1494 


1503 


1511 


43 


135.1 


135.5 


135.9 


136.3 


136.7 


137.1 


137.4 


137.8 


43 


44 


1520 


1529 


1537 


1546 


1555 


1564 


1572 


1581 


44 


138.2 


138.6 


139.0 


139.4 


139.8 


140 2 


140.6 


141.0 


44 


45 


1590 


1599 


1608 


1617 


1626 


1634 


1643 


1652 


45 


141.4 


141.8 


142.2 


142.6 


142.9 


143.3 


143.7 


n4.i 


45 


46 


1661 


1671 


1680 


1689 


1698 


1707 


1716 


1725 


46 


144.5 


144.9 


145.3 


145.7 


146.1 


146.5 


146.9 


147.3 


46 


47 


1734 


1744 


1753 


1762 


1772 


1781 


1790 


1800 


47 


147.7 


148.0 


148.4 


148.8 


149.2 


149.6 


150.0 


150.4 


47 


48 


1809 


1819 


1828 


1837 


1847 


1854 


1868 


1876 


48 


150.8 


I5I.2 


151.6 


152.0 


152.4 


152.8 


153.2 


153.5 


48 


49 


1885 


1895 


1905 


1914 


1924 


1934 


1943 


1953 


49 


153.9 


154.3 


154.7 


155.1 


155.5 


155.9 


156.3 


166.7 


49 


50 


1963 


1973 


1983 


1993 


2003 


2012 


2022 


2032 


50 


157.1 


157.5 


157.9 


158.3 


158.7 


159.0 


159.4 


159.8 


50 


D = Diameter. D = 


c 

3.141i 


jg or VA -J- .7854 or C X .31831. 




A = Area. A = 1 


D« X 


.7854 or (0 4- 3.5446)«. 




= Circumference. = ] 


D X a 


1.14159 or 3.5446 V A. 




S = Contents of Sphere. S = '. 


D»x 


.5236. 








B = 


Cont 


ents < 


ofCy 


linde 


r. ] 


3 = 


A X 1 


lengt] 


ll. ( 


Abe 


ingt] 


lear) 


5a of 


onec 


md.) 





For Areas, &c., of higher numbers, see next page. 
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TABLE OF DIAMETERS, AREAS, Ac^-eonHnued. 





Nnm- 
ber. 


Circmn' 
liBrenoe. 


Area. 


Square. 


Cube. 


Square 
Boot. 


Cube 
Boot. 


Num- 
ber. 


Circum- 
ference. 


Area. 


Square. 


Cube. 


Square 
Boot 


Cube 
Boot 




121 


880.18 


11499-01 


14641 


1771661 


11-000 


4-046 


186 


684-34 


27171-6 


34606 


6434856 


13-638 


6-708 




122 


888-27 


11689-87 


14884 


1816848 


11-046 


4-050 


187 


687-48 


27464-6 


34060 


6530203 


13-674 


5-718 




123 


386-41 


11882-29 


15129 


1860867 


11090 


4-073 


188 


600-62 


27750-1 


35344 


6644672 


13-711 


5-728 




124 


389-56 


12076-28 


16376 


1906624 


11136 


4-086 


180 


603-76 


280.55-2 


36721 


6751260 


13-747 


6-738 


1 


125 


892-70 


12271-86 


15625 


1963126 


11180 


5-000 


100 


606-00 


28362-0 


36100 


6850000 


13-784 


6-748 




126 


896-84 


12468-98 


15876 


2000376 


11-224 


5 013 


















127 


398-98 


12667-69 


16129 


2048383 


11-269 


5-026 


101 


600-04 


28662-1 


36481 


6067871 


13-820 


6-758 




128 


402-12 


12867-96 


16384 


2097152 


11-314 


5-030 


102 


603-10 


28052-0 


36864 


7077888k 13*856 


6-768 




129 


406-27 


13069-81 


16641 


2146689 


11-357 


5-052 


103 


.606-33 


20256-3 


37240 


7180057 


lS-802 


6-778 




130 


408-41 


13273-23 


16900 


2197000 


11-401 


6-065 


194 
105 


600-47 
612-61 


20550-2 
20864-8 


37636 
38025 


7301384 
7414875 


13-028 
18 064 


6-788 
6-708 




131 


411-66 


13478-22 


17161 


2248091 


11-445 


5*078 


106 


616-75 


301710 


38416 


7520536 


14-000 


6-808 




132 


414-69 


13684-78 


17424 


2299968 


11-489 


5-001 


107 


618-80 


80480-6 


38800 


7646373 


14-036 


6-818 




133 


417-88 


13892-91 


17689 


2352637 


11-632 


5-104 


108 


622 04 


30700-7 


80204 


7762302 


14-071 


5-828 




134 


420-97 


14102-61 


17956 


2406104 


11*576 


6-117 


100 


625-18 


31102-6 


30601 


7880500 


14-106 


5-838 




136 


424 12 


14313-88 


18226 


2460375 


11*618 


6-120 


200 


628-32 


81416 


40000 


8000000 


14142 


5-848 




136 


427-26 


14626-72 


18496 


2615456 


11-661 


6-142 


















137 


430-40 


14741-14 


18769 


2671353 


11-704 


6-155 


201 


631-46 


31730-0 


40401 


8120601 


14-177 


5-857 




138 


433*64 


14967-12 


19044 


2620872 


11-747 


6-167 


202 


634-60 


32047-4 


40804 


8242408 


14-212 


6-867 




139 


436-68 


16174-68 


19321 


2686619 


11-780 


6-180 


203 


637*74 


32365-5 


41200 


8365427 


14-247 


6-877 




140 


439-82 


16393-80 


19600 


2744000 


11-832 


5-102 


204 
205 


640-88 
644-03 


32685-1 
33006-4 


41616 
42026 


8480664 
8615125 


14-282 
14-317 


6-886 
6-806 




141 


442-96 


16614*60 


10881 


3808221 


11-874 


6-204 


206 


647-17 


33320-2 


42436 


8741816 


14-352 


6-005 




142 


446-11 


15836-77 


20164 


2863288 


11-916 


5-217 


2o7 


660-31 


33653-6 


42840 


8860743 


14 387 


6-016 




143 


449-26 


16060-61 


20449 


2924207 


11-958 


6-220 


208 


653-45 


83070-6 


43264 


8008012 


14-422 


6-024 




144 


452-39 


16286 02 


20736 


2986984 


12 000 


6-241 


200 


656-60 


34807-0 


43681 


0123320 


14-456 


6-034 




145 


455 '63 


16513-00 


21026 


3048625 


12-041 


6*253 


210 


660-63 


846361 


44100 


0261000 


a4'401 


6-043 




146 


458-67 


16741-66 


21316 


3112136 


12-083 


6-266 


















147 


461-81 


16971-67 


21609 


3176523 


12-124 


6-277 


211 


662-87 


84066-7 


44531 


9303081 


14*626 


6-063 




148 


464-96 


17203-36 


21904 


8241792 


12-166 


6*280 


212 


666-01 


36208-0 


44044 


0628128 


14-660 


6-062 




149 


46810 


17436-62 


22201 


3307949 


12-206 


6-301 


213 


660-16 


36632-7 


46360 


0663507 


14-604 


6*072 




150 


471-24 


17671-46 


22600 


8376000 


12-247 


6-813 


214 
216 


672-80 
676-44 


35068-1 
86305*0 


45706 
46226 


0800844 
0038376 


14-628 
14-662 


6-081 
6-000 




151 


474^ 


17907-86 


22801 


8442951 


12-288 


6-326 


216 


678-58 


36648-6 


46666 


100n606 


14-606 


6*000 




152 


477-82 


18145-84 


23104 


8611808 


12-328 


6-836 


217 


681-73 


86083-6 


47080 


10218318 


14-780 


6*000 




153 


480-66 


18386-39 


23409 


8681677 


12-360 


6-348 


2^8 


684-87 


37326-3 


47624 


10360232 


14-764 


6*018 




154 


483-81 


18626-60 


23716 


8662264 


12-409 


6-360 


210 


688-01 


37668-6 


47061 


10603460 


14-708 


6-027 




155 


486-96 


1886919 


84026 


8723876 


12-449 


6-371 


220 


601-16 


38013-3 


48400 


10648000 


14-832 


6-036 




156 


490-09 


19113-46 


24836 


8796416 


12-489 


6-383 


















157 


493-23 


19369*28 


24649 


8869893 


12-629 


6-304 


221 


604-20 


88350-6 


48841 


10708861 


14-866 


6-045 




158 


496-87 


19606-68 


24964 


3044312 


12-669 


6-406 


222 


007*43 


38707-6 


40284 


10041048 


14-800 


6*065 




159 


499-61 


19855-66 


26281 


4019679 


12-609 


6-417 


223 


700-67 


300671 


40720 


11080667 


14-033 


6-064 




160 


602-66 


20106-10 


86600 


4096000 


12-640 


6-428 


224 
226 


703-71 
706-86 


304081 
30700-8 


60176 
60626 


11230424 
11300626 


14-066 
16-000 


6073 
6-082 




161 


606-80 


20368-81 


26921 


4173281 


12-688 


5-440 


226 


710-00 


40116-0 


60076 


11543176 


16*033 


6-001 




162 


608-94 


20611-99 


26244 


4251628 


12-727 


6-451 


227 


718-14 


40470-8 


51620 


11607083 


16-066 


6*100 


• 


163 


51208 


2086719 


26569 


4330747 


12*767 


6-462 


228 


716*28 


40828-1 


61984 


11862852 


16 000 


6-100 




164 


516-22 


21124-07 


26896 


4410944 


12-806 


6-473 


220 


710-42 


41187-1 


62441 


12008080 


16-132 


6-118 


165 


518-36 


21382-47 


27226 


4492126 


12-846 


6-484 


230 


722-67 


41647-6 


52000 


12167000 


16-166 


6-126 


166 


521-50 


21642-43 


27656 


4674296 


12-884 


5-495 
















167 


624-66 


21904-0 


27889 


4657463 


12-022 


5-506 


231 


725-71 


41000-6 


63361 


12326301 


16-108 


6-136 




168 


627-79 


221671 


28224 


4741632 


12-061 


6-617 


232 


728-86 


42273-3 


53824 


12487168 


16-231 


6-144 




169 


530-93 


22431-8 


28661 


4826809 


13-000 


6-628 


233 


731-00 


42638-5 


54280 


12640337 


15-264 


6*153 




170 


684-07 


22698-0 


28900 


4913000 


13-038 


6-630 


234 
236 


736-13 
738-27 


43005-3 
43373-6 


54756 
65226 


12812004 
12077876 


16-207 
15-320 


6162 
6-171 




171 


637-21 


22966-8 


29241 


6000211 


13-076 


6-660 


236 


741-42 


43743-6 


55606 


18144266 


15-362 


6-170 




172 


640-36 


23235-2 


29684 


6088448 


13 114 


5-561 


237 


744-56 


44115-0 


66160 


13312063 


15 304 


6-188 




173 


643-60 


23506-2 


89929 


6177717 18 162 


5-572 


238 


747-70 


44488-1 


56644 


13481272 


16-427 


6-107 




174 


546-64 


23778-7 


80276 


6268024 13-190 


6-582 


230 


750-84 


44862-7 


57121 


13651010 


16-450 


6-205 




175 


649-78 


24052-8 


80626 


5369376 13-228 


6-508 


240 


763-08 


45238-0 


57600 


13824000 


16-401 


6-214 




176 


552-92 


24328-6 


80976 


6451776 


18-266 


6-604 


















177 


666-06 ! 


24605*7 


81329 


5646233 


13-304 


6-614 


241 


767-12 


45616-7 


68081 


13007621 


16-624 


6-223 




178 


559-20 ! 


24884-6 


81684 


5639752 


13-841 


5-625 


242 


760-27 


45096*1 


68664 


14172488 


15-656 


6-231 




179 


662-34 1 


25164-9 


82041 


5735339 


13-370 


5 635 


243 


763-41 


46377-0 


60040 


14348007 


15-588 


6-840 




180 


666-49 i 


25446-9 


32400 


6832000 


13-416 


5-646 


244 
245 


766-55 
760-60 


46750-5 
47143-6 


60536 
60025 


L4526784 
14706126 


15-620 
15-652 


6-846 
6-367 




181 


668-68 i 


26730-4 


82761 


5929741 


13-463 


6-666 


246 


772-83 


47620-2 


60616 


14886036 


15-684 


6-265 




182 


571-77 1 


26015-6 


33124 


6028568 


13-400 


5-667 


247 


776-07 


47016-4 


61000 


15069223 


16-716 


6-274 




183 


574-91 i 


26302 2 


33489 


6128487 


13-527 


5 677 


248 


770-11 


48305-1 


61504 


15262002 


16-748 


6-282 




184 


678 06 5 


26590-4 


83856 


6229504 


13-564 


6-687 


240 


782-26 


48695-5 


62001 


L6438240 


15-770 


6-201 


- 


1JB6 


58119 1 


26880-3 


34226 


6331625 


13 601 


5-608 


250 


785-40 


40087-4 


62500 


15625000 


16*811 


6-200 
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APPLEBY'S HANDBOOK OF MACHINERY. 



APPKOXIMATE EULES. 

BOILEBS. An ordinary fumaoe requires 21 lbs. or 300 cubic feet of air for the consumption 
of each lb. of coal, but by means of the fan or steam jet the quantity may be reduced to 18 lbs. 
or 220 cubic feet. From 13 to 20 lbs. of fuel may be consumed per 8t][uare foot of fire-grate, and 
in Cornish, Lancashire, or ego^-end boilers, about three-fourths of a square foot are required to 
evaporate a cubic foot of water. 

For each nominal horse power a boiLr of any of the types enumerated above requires 
approximately— 



1 cubic foot of water per hour. 
1 cubic yard capacity. 



1 square foot of fire-g^te surface. 
1 square yard of heating surface. 



FOBMTJLA FOB FINOINQ THE HeATING AND GraTB SuBFACES. 

F = Fire-grate surface in square feet. 

N = Nominal horse-power. 

H = Heating surface in square feet. 

— N2 N2 

N = VJFH H=5r F = h- 



FiRE-BABS should incline from the fire-door downwards at least 1 in 12, and cylindrical 
boilers should be set with an inclioation of one-half inch in 10 feet towards the blow-off cock. 

The Dead Plate of a furnace should be 2 feet 8 inches above the floor line of stoke hole. 

Wateb Level in Boilebs. — ^The least depth of water above the furnace flue should be 
4 inches, and the working depth about 9 inches. 

Pbiming. — A large dome or steam chest tends to prevent priming, but a perforated tube in 
which the steam is collected inside the boiler is a still greater aid in this direction. 

The following Formula for finding the Abea of Chimneys for Stationary Boilebs may be 
useful: — 

Q = lbs. of coal consumed per hour. 

H = Height of chimney in feet. 

P = Indicated (not nominal) horse-power of engine. 

A = The area of the top of the chimney in square inches. 

15^ 15 OP 

The diameter of the base of a chimney should not be less than one-tenth of the height. 

MULTITUBITLAB BOILEBS (not Marine). Each nominal horse-power requires approxi- 
mately — 



1 cubic foot of water per hour. 

i square foot of flregrate surface. 
10 square inches sectional area of tubes. 
13 square inches of flue area. 

6 square inches of chimney area. 

Table of the Stbongest Pbopobtionb of Riveited Joints fob Boilebs. 



2 cubic feet of steam space. 
8 cubic feet total capacity. 
10 square feet of heating sur&ce, if the 
whole tube surface be taken as effective. 



TbicknesB of Plates. 


Diameter of Rivet. 


Length of Rivet. 


Pitch of Rivet. 


Lap of Plates. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


^ 


1 


0.85 


l.U 


1.14 


i 


J 


1.12 


1.5 


1.5 


A 


i 


1.39 


1.55 


1.76 


i 


f 


1.68 


1.87 


2.1 


i 


f 


2.25 


2.0 


2.25 


i 


1 


2.82 


2.5 


2.82 


1 


i 


3.37 


3.0 


3.37 



Table fob finding the Stjbface of Boileb ob Condenseb Tubes. 



Diameter of tube in inches 
Surface in square feet per foot run 
Diameter of tube in inches 
Surface in square feet per foot run 
Diameter of tube in inches 
Surface in square feet per foot run 




.1309 


1 
.1638 


f 
.1963 


I 
.2291 


1 
.2618 


.3927 


.4253 


If 
.4580 


.4908 


2 
.6235 


2* 
.6544 


2g 
.6873 


2f 
.7199 


2S 
.7526 


3 

.7853 



.2945 


.3270 


21 
.5563 


.5890 1 


.8508 


31 ' 
.9158 . 



ENGINES, BOILERS, Etc.— Section i. 
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TABLE OF PROPERTIES OF SATURATED STEAM. 



Pressure in lbs. 

per square inch, 

includ ng 

Atmospbere. 


£ « P ' 

nil 


1 

Equivalent 
inches of 
Mercury. 1 


Pr« ssure in 
kilogrammes per 
square 
centimetres. 1 


Equivalent 
metr s of 
Mercury. 


Number of 
Atmospheres. 


(SeuMbl 


lit 

pi 

. ^ 

e Heat.) 


Total Heat In 

degrees 

Fahienheit, 

latent included. 


Specific Volume 

(compared with 

Water). 


Weight of 1 cubic 

foot of Steam 

In lbs. 


Volume of 1 lb. 
of Steam in 
1 (Ublcfeet. 


U-7 


0.0 


29.922 


1.033 


.762 


1.000, 212.0 


100.0 


1178.6 


1642 


.0380 


26.36 


15 


0.3 


30.533 


1.057 


.778 


1.020 


213.1 


100.6 


1178.9 


It^lO 


.0387 


25.85 


16 


1.3 


32.568 


1.124 


.829 


1.088 


216.3 


102.4 


1179.9 


1615 


.0411 


24.32 


17 


2.3 


34.604 


1.195 


.880 


1.156 


219.6 


104.2 


1180.9 


1431 


.04.35 


22.96 


18 


3.3 


36.639 


1.265 


.932 


1.224 


222.7 


106.9 


1181.8 


1357 


.0459 


21.78 


19 


4.3 


38.675 


1.336 


.984 


1.292 


226.6 


107.6 


1183.1 


1290 


.0483 


20.70 


20 


5.3 


40.710 


1.405 


1.037 


1.360 


228.5 


109.2 


1183.5 


1229 


.0607 


19.72 


21 


6 3 


42.746 


1.475 


1.089 


1.428 


231 2 


110.7 


1184.3 


1174 


.0531 


18.84 


22 


7.3 


44.781 


1.545 


1.140 


1.496 


233.8 


112.1 


1185.0 


1123 


.0566 


18.03 


23 


8.3 


4;. 817 


1.615 


1.192 


1.564 


236.3 


113.5 


1185.7 


1075 


.0580 


17.26 


24 


9.3 


48.852 


1.687 


1.244 


1.632 


238.7 


114.8 


1186.6 


1036 


.0601 


16.64 


25 


10.3 


50.888 


1.758 


1.296 


1.700 


241.0 


116.1 


1187.2 


996 


.0625 


15.99 


26 


11.3 


52.923 


1.828 


1.348 


1.768 


243.3 


117.4 


1187.9 


958 


.0650 


15.. 38 


27 


12.3 


54.959 


1.898 


1.400 


1.836 


245.5 


118.6 


1188.6 


926 


.0673 


14.86 


28 


13.3 


56.994 


1.969 


1.452 


1.904 


247.6 


119.8 


1189.1 


895 


.0696 


14.37 


29 


14.3 


59.030 


2.039 


1.503 


1.972 


249.6 


120.9 


1189.7 


866 


.0719 


13.90 


30 


15.3 


61.065 


2.108 


1.555 


2.040 


251.6 


122.0 


1190.3 


838 


.0743 


13.46 


35 


20.3 


71.243 


2.459 


1.814 


2.380 


260.9 


127.2 


1193.0 


726 


.0858 


11.65 


40 


25.3 


81.420 


2.811 


2.074 


2.720 


269.1 


131.7 


1195.4 


640 


.0974 


10.27 


45 


30.3 


91.598 


3.162 


2.333 


3.060 


276.4 


135.8 


1197.6 


572 


.1089 


9.18 


50 


.35.3 


101.776 


3.514 


2.592 


3.400 


283.2 


139.6 


1199.6 


518 


.1202 


8.31 


55 


40.3 


111.953 


3.865 


2.852 


3.740 


289.3 


142.9 


120r.6 


474 


.1314 


7.61 


60 


45.3 


122.131 


4.217 


3.111 


4.080 


295.6 


146.4 


1203.2 


437 


.1425 


7.01 


65 


50.3 


132.308 


4.638 


3.370 


4.420 


301.3 


149.6 


1204.8 


405 


.1538 


6.49 


70 


55.3 


142.486 


4.919 


3.629 


4.760 


306.4 


152.4 


1206.3 


378 


.1648 


6.07 


75 


60.3 


152.663 


5.270 


3.889 


5.100 


311.2 


155.1 


1207.8 


353 


.1759 


5.68 


80 


65.3 


162.841 


5.622 


4.148 


5.440 


315.8 


157.7 


1209.1 


333 


.1869 


5.35 


85 
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173.018 


5.973 


4.407 


6.780 


320.1 


160.1 


1210.4 


314 


.1980 


5.05 


90 


75.3 


183.196 


6.325 


4.666 


6.120 


324.3 


162.4 


1211.6 


298 


.2089 


4.79 


95 


80.3 


193.373 


6.676 


4.926 


6.460 


328.2 


164.8 


1212.8 


283 


.2198 


4.55 


100 


85.3 


203.551 


7.027 


5.185 


6.800 


832.0 


166.7 


1213.9 


270 


.2307 


4.33 


110 


95.3 


223.906 


7.730 


5.703 


7.480 


339.2 


170.7 


1216.0 


247 


.2521 


3.97 


120 


105.3 


244.261 


8.433 


6.222 


8.160 


345.8 


174.3 


1218.0 


227 


-.2738 


3.65 


130 


115.3 


264.616 


9.136 


6.740 


8.840 


352.1 


177.8 


1219.8 


211 


.2955 


3.88 


140 


125.3 


284.971 


9.909 


7.2.')9 


9.520 


357.9 


181.1 


1221.6 


197 


.8162 


8.16 


150 


1:^5.3 


305.327 


10.54 


7.778 


10 20 


363.4 


184.1 


1223.2 


184 


.3377 


2.96 


160 


145.3 


325.682 


11.24 


8.296 


10.88 


368.7 


187.1 


1224.8 


174 


.3590 


2.79 


170 


155.3 


346.037 


11.95 


8.814 


11.66 


373.6 


189.8 


1225.1 


164 


.3798 


2.63 


180 


165.3 


366.392 


12.65 


9.333 


12.24 


378.4 


192.4 


1227.7 


155 


.4009 


2 49 


190 


175.3 


386.747 


13.35 


9.851 


12.92 


382.9 


194.9 


1229.1 


148 


.4232 


2.37 


200 


185.3 


407.102 


14.06 


10.37 


13.60 


387.3 


197.4 


1230.3 


141 


.4431 


2.26 


250 


235.3 


508.878 


17.57 


12.70 


17.00 


401.1 


204.8 


1232.3 


114 


.5464 


1.83 


300 


285 3 


610.653 


21.08 


15.55 


20.40 


417.5 


213.9 


1237. 1 


96 


.6486 


1.54 


350 


335.3 


712.429 


24.59 


18.14 


23.80 


430.1 


220.9 


1240.8 


88 


.7498 


1.33 


400 


885.3 


814.204 


28.11 


20.74 


27.20 


444.9 


229.1 


1245.1 
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.8602 


1.18 


450 


435.3 


915.980 


31.62 


23.33 


30.60 


466.7 


235.7 


1248.6 


66 


.9499 


1.05 


500 


485.3 


1017.75 


35.14 


25.92 


34.00 


467.6 


241.7 


1251.7 


59 


1.0490 


.95 


600 


585.3 


1221.30 


42.16 


31.11 


40.80 


487.0 


252.5 


1257.4 


50 


1.2450 


.80 


700 


685.3 


1424.86 


49.20 


36.29 


47.60 


504.1 


2b2.0 


1262.4 


43 


1.4395 


.69 


800 


785.3 


1628.41 


5i.22 


41.38 


54.40 


519.5 


270.5 


1266.9 


38 


1.6322 


.61 


900 


885.3 


18.31.96 


63.25 


46.56 


61.20 


533.6 


278.4 


1271.0 


34 


1.8235 


.65 


1000 


985.3 


2035.51 


70.20 


51.85 


68.00 


546.6 


285.3 


1274.8 


31 2.0140 


.50 



To Find the Elastic Fobcb op Stbam. 



: Force in inches of mercury. 
: Temperature of the steam in degrees 
Fahrenheit. 
= 177 for fresh water. 



F 
T 



177.6 for sea water. 
185 . 6 for water satu- 
rated with salt. 



/ T + 100 \ 
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APPLEBY'S HANDBOOK OF MACHINERY. 
TABLE OF STEAM USED EXPANSIVELY. 



Initial 
pressarein 


Average Proflanre of Steam iu lbs. per sqnare inch throughout the Stroke. 


lbs. per 




— 




aqoara Inch. 




Portion of Stroke at which Steam is cnt off. 






i 


i 


i 


i 


i 


i 


5 


• 4.8 


4.6 


4.2 


8.7 


2.9 


1.9 


10 


9.6 


9.1 


8.4 


7.4 


5.9 


3.8 


15 


14.4 


13.7 


12.7 


11.1 


8.9 


5.7 


20 


19.2 


18.8 


16.9 


14.8 


11.9 


7.6 


25 


24.1 


22.9 


21.1 


18.5 


14.9 


9.5 


80 


28.9 


27.5 


25.4 


22.2 


17.9 


11.5 


35 


83.8 


82.1 


29.6 


25.9 


20.8 


13.4 


40 


88.5 


86.7 


33.8 


29.6 


23.8 


15.4 


45 


43.4 


41.3 


38.1 


33.3 


26.8 


17.3 


50 


48.2 


45.9 


42 3 


37.0 


29.8 


19.2 


60 


57.8 


55.1 


50.7 


44.5 


85.7 


23.1 


70 


67.4 


64.8 


59.2 


52.4 


41.7 


26.9 


80 


77.1 


73.5 


67.7 


59.3 


47.7 


30.8 


90 


86.7 


82.6 


76.1 


66.7 


53.6 


34.6 


100 


96.3 


91.8 


84.6 


74.1 


59.6 


88.4 


110 


106.0 


101.0 


93.1 


81.5 


65.6 


42.5 


120 


115.2 


. 110.2 


101.5 


89.4 


71.5 


46.1 


130' 


125.4 


119.1 


110.0 


95.3 


77.5 


50.0 


140 


134.9 


128.6 


118.5 


103.8 


83.3 • 


53.8 


150 


144.7 


137.8 


126.4 


111.2 


89.4 


57.7 


160 


153.6 


147.0 


135.4 


118.2 


95.4 


61.5 


180 


173.5 


164.6 


152.3 


132.9 


107.3 


69.2 


200 


192.7 • 


183.7 


169.3 


148.8 


119.3 


76.9 



To find the preasure at the end, or at any point of the stroke, in the cylinder of an ezpanaiye 
engine. 

P = Initial presfixire of steam, in lbs. per square inch. 

D = Distance travelled by piston before steam is cut off. 

L = Distance travelled by the piston when the pressure of the steam = A. 

A = Preasure of steam in the cylinder when piston has travelled a distance = L. 



Then A = 



PD 



and L = 



PD 



L «"-*-- A • 
The formula used to find the numbers in the Table above is as follows : — 
L = Length of the sfrok e, in inches. 
D = Distance the piston has travelled when steam is cut off, in inches. 

B = Batio of expansion = -^ 

H = Hyperbolic logar ithm of B (see Table below). 

P = Initial pressure of steam, in lbs. per square inch. 

M = Mean pressure during whole of s^oke, in lbs. per square inch. 



li 


B 

10 
8 
5 
4 

3.33 
2.66 
2.5 
2 


H 

2.302 
2.079 
1.609 
1.386 
1.203 • 

.978 

.916 

.693 


L 

;: 

■: 


B 

1.66 

1.60 

1.42 

1.33 

1.25 

1.14 * 

1.11 


H 

.507 
.470 
.351 
.285 
.223 
.131 
.104 



1 atmosphere equals 14.71 lbs. per square inch, or 1511)6. approximately. 

„ „ 29.92 inches of mercury, or 33.9 feet of water. 

An approximate rule for finding the nominal horse-power of a single>cylinder engine is : 
square the diameter of cylinder in inches and divide the product by ten. 
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COMPARATIVE EVAPORATIVE VALUE OP FUELS. 

The feed water being 212^ Fahrenheit when it enters the boiler, the following results were 
obtained from the consumption of 1 lb. of the undermentioned fuels. The first eight give the 
average of many samples tested by Messrs. Delab^he and Flayfair. 



Welshcoal 


Spedflc Gmylty. 


lbs. of water evaporated. 


Coiipanitive 
vain 8. 


1.315 


9.05^ 


1.000 


Newcastle coal 


1.256 


8.01 




0.885 


Derby and York coal 


1.292 


7.58 




0.837 


Lancashire coal .. 


1.273 


7.94 '^•D^ ♦-i^i 


0.877 


Scotch coal 


1.260 


7.70 


' MJJ VtABtl^* 


0.851 


British average 


1.290 


8.13 




0.898 


Irish Anthracite . . 


1.590 


9.85 




1.088 


Patent fuels 


1.167 


9.20> 




1.016 


French coal (average) 


1.310 


8.00\ 


0.884 


Lignites (average) 


1.198 


6.66 i 


0.736 


Well dried peat 


1.300 


9;oo?-^pp"'^- 


0.500 


Ooke (average) 


0.750 


0.995 


Oak 


0.930 


4.521 


0.500 


Pine 


0.660 


2.5 ; 


0.276 



WATER POWER. USEFUL MEMORANDA RELATING TO HYDRAULICS. 



1 cubic foot of fresh water weighs 62.425 lbs. 

= 557 owt., or .028 ton. 
1 cubic foot of sea water weighs- 64. 11 lbs. = 
572 cwt., or .0286 ton. 
cubic inch of fresh water weighs .03612 lb. 
gallon of &esh water weig:hs 10 lbs. 
gallon of water contains 277 . 27 cubic inches, 
cubic foot of water contains 6 . 24 gallons, 
ton of water contains 35.9 cubic feet (ap- 
proximately 1 cubic metre). 



1 foot in head gives a pressure of .4335 lb. per 

square inch. 
Inches of rainfall X 2323200 give cubic feet 

per square mile. 
Inches of rainfall x 14500000 give gallons per 

square nule. 
Inches of rainfall x 3630 give cube feet per 

acre. 
1 inch of rainfall is approximately 100 tons 

per acre. 



TABLE OF THEORETICAL VELOCITY AND PRESSURES DUE TO 

VARIOUS HEADS. 





Velocity In 


Velocity in 


Preflsnre 


Pmsnre 




Velocity In 


Velocity In 


Preesare 


Premnre 


Head in 


feet 


feet 


inlbe. 


in cwt. 


Head in 


<eet 


feet 


in lbs. 


in cwt 


feet. 


per see. 


per mio. 


per sq. in. 


pereq.ft 


lieet. 


per sec. 


per mln. 


per sq. in 


perfM}. tt. 


1 


8. 


482 


.43 


.55 


35 


47 


2851 


15.1 


19.5 


2 


11.3 


681 


.87 


1.11 


40 


51 


3048 


17.3 


22.3 


3 


13.9 


835 


1.3 


1.67 


60 


57 


3408 


21.7 


27.8 


4 


16. 


964 


1.73 


2.23 


60 


62 


3733 


26 


.S3. 4 


5 


18. 


1078 


2.17 


2.78 


70 


67 


4032 


30.3 


39 


6 


19.7 


1180 


2.6 


3.34 


80 


72 


4311 


34.7 


44.5 


8 


23. 


1363 


3.47 


4.45 


90 


76 


4573 


39 


50.1 


10 


25. 


1524 


4.33 


5.57 


100 


80 


4820 


43.3 


55.7 


12 


28. 


1669 


5.2 


6.68 


125 


90 


5389 


54 


69.6 


15 


31. 


1866 


6.5 


8.36 


150 


98 


5903 


65 


83.6 


18 


34. 


. 2045 


7.8 


10.03 


175 


106 


6466 


76 


97.5 


20 


36. 


2155 


8.7 


11.14 


200 


113 


6816 


87 


111 


25 


40. 


2410 


10.8 


13.93 


250 


127 


7621 


108 


139 


30 


44. 


2640 


13. 


16.71 


300 


139 


8348 


130 


167 



To find the numbers in the above Table for heads not given. 

V = Velocity in feet per second (theoretical). I H = Head of water. 

T = Velocity in feet per minute (theoretical). | P = Pressure in lbs. per square inch. 

P = H X .4335 V = 8.025 J \i T = 482 v^ H. 

H = .0155 V» H = 1» X 2.307. 

Pressure in lbs. per square foot = H x 62.4. 



A* 
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WATER POWER, kc—Continued. 

As it is frequently necessary to ascertain the quantity of water available for driving a water 
wheel or turbine, the following rules for gauging water flowing over a sill, &c., may be found 
useful. 

Formula por gaugino Water plowing over a Sill. 

H = Height of surface of water above sill, in feet. 
I = Ditto if measured, in inches. 
I V = Velocity of water approaching sill, in feet per second. 

= Gubic feet discharged over a sill 1 foot wide per minute. 

C = 2i4V H^ or 5' 1 5^1' if the stream above the sill is motionless. 

C = 214V H" + '035 \^~W if the stream above the sill is in motion. 
In gauging, the waste-board must have a thin edge. The heiglit must be measured from 
the top of the sill to the level of the water surface some distance back from the waste-board 
where it is not affected by the fall. 

Hawksley's Formula por the Delivery op Water in Pipes. 

G = Number of gallons delivered per hour. 
L = Length of pipe, in yards. 
H = Head of water, in feet. 
D = dia meter of pipe, in inches. 

6/GML ^ / (15 D)» H 

» = AV-H- ^=\/ -L-* 

Weisbach's Formula for the Friction op Water in Pipes. 

H = Head to overcome friction, in feet. 
L = Length of pipe, in feet. 
D = Internal diameter of pipe, in feet. 
V = Velocity of water, in feet per second. 



H = {...,«.«-™}^.5g 
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WATER WHEELS AND TURBINES. 

The maximum theoretical efficiency for imdershot water wheels is obtained when the speed 
of the periphery is half the speed of the driving stream ; but experience has shown that the most 
suitable speed for paddle-wheels in an open current is 40 per cent, of the speed of the stream. 
The efficiency of undershot wheels is seldom more than 27 to 30 per cent, of the power 
expended, but in Poncelot's undershot wheel it reaches 50, 55, and even 60 per cent. 

Breast wheels give an efficiency of about 75 per cent, of power expended with a velocity of 5 
feet per second at the penphery, but in an exceptional case as much as 93 per cent, was 
registered by M. Morin. The usual velocity for breast wheels is about 6 feet per second at the 
periphery ; minimum 3 ft. 6 in., maximum 7 feet. Overshot wheels answer well for fells of 
from 13 to 20 feet, and give an efficiency of 70 to 75 per cent. 

The power of any of the above forms of wheels may be obtained by multiplying the weight 
of the water used, by the lieight it falls through and tiie factor of efficiency given. 

In Foumeyron's turbine the factor of efficiency varies from .79 to .24 according to the state 
of the regulating sluices, from which it is eviaent that they are far more economical when 
working at full power. 

For outward-flow turbines, it has been found by experience that the height of the orifices at 
the circumference of the wheel should be one-tenth the diameter of the wheel ; that the sum of the 
shortest distances between the buckets should equal the diameter of the wheel ; that the width 
of the crowns should be four times the shortest distance between the buckets ; and that the 
sum of the shortest distances between the curved guides taken near the wheel, should be equal 
to the interior diameter of the wheel. For any fall greater than 40 feet the. first rule should be 
modified, the height of orifices decreasing as the fall increases. By attention to these points 
an efficiency of 75 per cent, may be realized. In turbines with a 'downward flt>w, such as 
Fontaine's, an efficiency of 70 per cent, may be reached when working ut full power The best 
speed for the periphery of these wheels is 55 per cent, of the theoretical velocity due to 
the head. 

Jonval's turbines give an efficiency of 72 per cent, under full work, and the best velocity for 
the exterior of the wheel is 70 per cent, of that due to the head 

The inward flow, or Thompson's vortex turbine, has realized an efficiency of 77J per cent, 
or even more ; the speed of periphery in this class of turbine should be half of that due 
to the liead. 

It is stated that the Girard turbine at the Paris Waterwork has reached an efficiency of 
87 per cent. 



i 



